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ABSTRACT 
"Assessment of Landscape Ecology with Remote Sensing Techniques: A Study of 
The Mai Po Ramsar Site in Hong Kong，， 
Submitted by Pang, Ying-wai for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in August, 2003 
Wetland is the world's most productive ecosystem in terms of net primary 
productivity. Situated at the northwestern fringe of the metropolitan city of Hong 
Kong, Maipo Ramsar site has been subject to tremendous stress resulting in 
degradation or removal of wetland habitats. Landscape ecology provides a framework 
for quantitative analysis and monitoring of the changing landscape in Maipo. The 
main objective of this study is to examine the landscape composition and 
configuration of four important focal ecological elements in Maipo Ramsar site, 
namely mangrove, reed bed, fishpond and mudflat using remote sensing techniques 
and landscape metric analysis. 
SPOT multispectral data taken in 1991, 1995 and 2000 were used for 
unsupervised classification for generating land cover maps. Proportional area of 
mangrove and reed bed have experienced slight increase indicating an enhanced 
quality of wetland ecology. However, a decreasing proportional area of fishpond 
indicates a weakening dominance of fishpond as a result of urban encroachment and 
river engineering work. 
From landscape metric analysis, decreased average patch size and increase 
number of patches show a trend of fragmentation. From a class perspective, increase 
total number of mangrove patches show colonization while an increased largest patch 
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CHAPTER ONE INTRODUCTION 
1.1 Conceptual Framework 
According to the Census and Statistics Department (2001), 94% of the 6.8 
million Hong Kong population lives in urban areas. However, Hong Kong's rugged 
and mountainous terrain can only provide limited flat land for development. Increased 
pressure on land triggers alarm on degradation or destruction in wildlife habitats in 
rural area. Massive development that has taken place in Hong Kong, especially the 
area near the Mai Po Ramsar site, poses tremendous threat to wildlife. Tarn and Wong 
(2000b) classify Mai Po mangrove forest as an extremely important stand for 
conservation. It provides foraging territory and nutrients for the marine environment 
and acts as a prime nesting site for bird species and wildlife. Especially, mangrove 
stands in Deep Bay suffered from a loss of 85% from the original mangrove cover 
(Tarn and Wong, 2000b, Planning Department, HKSAR, 1997a). A large area of 
foreshore has also been lost due to reclamation. Degradation or removal of wetland 
habitats continues. 
Identification of ecological condition is of prime importance and necessity in 
environmental management and strategy formulation. With the enhancement of 
appraisal and public awareness of high aesthetic ecological properties in Hong Kong, 
there is an urgent need for developing strategies for the conservation of these 
properties. Comprehensive planning of sensitive ecological area like the Mai Po 
Ramsar site becomes extremely important. 
Large scale monitoring on the wetland ecology of Ramsar site is important for 
understanding its ecological value. In fact, making in situ data collection and 
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measurement everywhere is often infeasible. Errors are often introduced during data 
collection. With the advancement in data collection by satellite images, large-scale 
investigation over an extensive geographical area is possible. Timely acquisition of 
land use and land cover information can be done effectively with the aids of remote 
sensing (Fung, 1992). Duke and Khan (1993) proved that aerial photographs can be 
used to assess the extent of mangrove stands over 50 years. Thus, remote sensing 
facilitates a continuous monitoring of wetland ecology. In this study, remote sensing 
technique is acquired to obtain information of land cover and landscape ecology. 
While remote sensing is a powerful tool for ecological studies, landscape 
ecology provides a framework and additional analytical tool for quantitative analysis 
of landscape structure (Mladenoff et al, 1993). Present structure is both the result of 
past functions as well as the hints for future functions. Understanding pattern changes 
can enhance our capability to predict future landscape dynamic and devise more 
effective landscape management strategies (Kiensat, 1993). In order to monitor and 
measure parameters in landscape ecology, quantitative methodologies are introduced. 
Construction of landscape mosaic normally subdivides a geographical area into 
smaller landscape units, class and patch. Then, landscape metrics are derived from 
patches. Using landscape metric indices, quantitative information can be provided 
about landscape pattern such as landscape diversity, landscape dominance, contagion, 
fractal dimension, etc. Based on this information, landscape assessment can be 
performed. 
Can we apply remote sensing and landscape ecology to assess the landscape of 
Mai Po area in Hong Kong? As stated before, Mai Po area has a tremendous 
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ecological value as a habitat for a variety of species of water birds such as herons and 
egrets, as well as a stopover point for thousands of migratory birds. More importantly, 
Mai Po Nature Reserve and its adjacent restricted area have been designated as 
wetland of international importance under the Ramsar Convention (Appendix I). 
Application of remote sensing and landscape ecology on the Mai Po Ramsar Site in 
Hong Kong would enrich the landscape information of the area. 
1.2 Objective and Significance of the study 
The main purpose of this study is to investigate landscape ecology of RAMSAR 
site in Hong Kong Special Administrative Region. More specifically, the objectives 
are: 
(1) to map the land cover of the Mai Po Ramsar Site with multidate SPOT images; 
(2) to examine and compare the landscape composition with the result of land cover 
classification; 
(3) to examine and compare the landscape configuration with the landscape metrics; 
(4) to examine the level of disturbance on the ecologically important elements in 
study area. 
For the perspective of urban planning, it is important to assess landscape ecology 
in an area for the past and current conditions so as to identify problem areas before 
preventive and remedial measures can be implemented to improve condition. 
Moreover, remote sensing data provides timely and up-to-date information that is 
important for policy making and development. 
Specifically, information of Mai Po Ramsar Site can be documented for further 
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study. Knowledge and understanding on Mai Po Ramsar site would be enhanced. 
For an academic perspective, knowledge is accumulated by experience. This 
study can help us understand more about how to obtain information on landscape 
ecology using remote sensing and Geographic Information System (GIS) technique 
for urbanized area. 
1.3 The Study Area 
Hong Kong is located at 22®11'N 114^14'E in a subtropical region on the 
southern coast of China. Its territories comprise 1098 km^ land area and 1823 km^ sea 
area. Mai Po Ramsar site is located at the northwestern part of Hong Kong. (Figure 
1.1). It is influenced by the Pearl River in general and, specifically, by the Shenzhen 
River and Deep Bay (Duke, 1999). Some areas in this region are seriously polluted 
and disturbed (Tarn and Wong, 2000a). 
The core area in the RAMSAR site comprises both natural and man-made 
wetland. Generally, mangrove stands and mudflats belong to natural wetland whereas 
fishponds and gei wais are referred to as man-made wetland. Focusing on the natural 
wetland, it is important to note that mangrove is an important component in 
maintaining the ecological value of wetlands. Though Hong Kong lies near the 
northern limits of the mangrove zone, its mangrove flora is rich with eight species of 
inter-tidal 'mangal' and numerous associated trees. The largest mangrove stands in 
Hong Kong is in the Mai Po Nature Reserve with an area of 115 ha (Tarn and Wong, 
2000a). In contrast to other regions, Hong Kong mangrove stands exhibit no obvious 
4 
horizontal zonation and are also relatively short, with little height variation. However, 
establishment of mangrove in Hong Kong is constrained by human activities and 
urban development which leads to scattered distribution. 
For the feeding ground in the core area, the mudflat is identified as the most 
important component. Its ecological value is illustrated by its contribution to 
sustaining wildlife communities and essential ecological processes of a wider 
ecosystem (Planning Department HKSAR, 1997a). During low tides, fish and 
invertebrates become concentrated in mudflats and provide food for migratory 
waterbirds. Due to the designation of the restricted area and site of special scientific 
interest (SSSI), the fringe mangrove and mudflat are untouched by direct human 
disturbance except for some light gathering of crabs and mollusks (Tarn and Wong, 
2000b). 
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On the other hand, fishponds and gei wais are classified as man-made wetland. 
At present, there are only 208 hectares of twenty-four gei wais and all are located at 
the Mai Po Marshes. Meanwhile most of the fishponds which are managed with the 
objectives of achieving high productivity fish fanning (Planning Department HKSAR, 
1997a) are located around the Mai Po Nature Reserve. 
With reference to Figure 1.2, conservation and control efforts can be seen by the 
designation of "Wetland Conservation Area” (WCA) and "Wetland Buffer Area" 
(WBA) from 1997 onwards where previously defined as Buffer Zone 1, Buffer Zone 
2 and SSSI before 1997. Set up by the Planning Department, the Wetland 
Conservation Area aims at conserving the ecological value of the pre-defined 
restricted area (mudflat, mangrove stands and gei wais) and the fishponds which form 
an integral part of the wetland ecosystem in the Deep Bay Area. Indeed, development 
is prohibited in WCA unless it is designed to relate to conservation or if it is an 
essential infrastructure project with overriding public interest. A buffer of 500 meters 
along the landward boundary of WCA is defined as WBA. It aims at protecting the 
ecological integrity of the fishponds and wetland within the WCA and preventing any 
inverse effects or disturbance from off-site disturbance of development (Planning 
Department HKSAR, 1997b) and hence only an appropriate level of residential and 
recreational development is allowed. 
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1.4 Organization Of Thesis 
This thesis is organized into six chapters. A brief introduction on the concept of 
landscape ecology, objective, study area and significance of this study is explained in 
Chapter One. A review of literatures on defining the landscape ecology, application of 
landscape metrics, incorporation of remote sensing on landscape ecology and 
characteristics of wetland habitat are followed in Chapter Two. Chapter Three 
describes the methodology of land cover classification, landscape metrics 
computation and disturbance level determination. Chapter Four examines the result of 
land cover classification and assesses the changes of land covers. Landscape metrics 
comparison and disturbance level determination for the Ramsar site are explained in 
Chapter Five. The conclusion, Chapter Six, highlights the main findings and proposes 
the future research directions. 
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CHAPTER TWO LITERATURE REVIEW 
2.1 Landscape Ecology 
2.1.1 Definition of Landscape Ecology 
With the advancement in data collection by satellite images, it is now possible 
to carry out large-scale investigation over a large geographical extent. On the other 
hand, landscape ecology (Forman and Gordon, 1986) provides a framework for the 
quantitative analysis of landscape structure (O'Neill et al, 1988, Turner and Gardner, 
1991). Naveh (1990) suggested that landscape ecology is not conceived only as a 
spatial branching and scaling enlargement of population and ecosystem ecology, but 
also as a "problem-solving, transdisciplinary synthesis between science and art". 
Passarge (1935) firstly suggested the term "Landschaft geography" as a new 
branch of geography in numerous works from 1919 onwards. According to the 
definition by Troll (1971), landschaft ecology is the study of the main complex causal 
relationships between life communities and their environment in a given section of a 
Landschaft. Moreover, Passarge (1935) referred it to an outline of the regional 
ordering and distribution of landscape elements for which utilization of aerial photo 
had been used in natural landscape. The term "Landschaft ecology" is further 
elaborated as landscape ecology. 
The holistic definition of landscapes by Troll (1971) provides an opportunity 
for us to consider landscapes as concrete, tangible entities of this ecosystem. Its 
holistic nature has been recognized in many geographical and landscape ecological 
studies (e.g. Troll, 1950; Antrop, 1997). Indeed, Forman and Gordon (1986) stated 
that landscape ecology explicitly recognizes that the spatial arrangement of 
10 
ecosystems, habitats, or communities has ecological implications and tries to 
understand the structure of large spatially-heterogeneous areas and the ecological 
processes of landscape mosaics. Fundamentally, landscape ecology emphasizes broad 
spatial scales and the ecological effects of the spatial patterning of ecosystems (Turner, 
1989) and explicitly addresses the importance of spatial configuration for ecological 
processes (Turner et al, 2001). With regard to spatial organization among ecosystems 
(Patil and Myerst, 1999), increasingly comprehensive guidance is provided by the 
concept of landscape ecology. While landscape ecology has been put forward as a 
major integrating force between a numbers of disciplines (Naveh, 1991), it is uniquely 
poised to play a major role in tackling today's major conservation and land use issues 
and in developing responses to the pressing problems arising as a result of human 
induced global change (Hobbs, 1997). 
From dictionaries, "Landscape is a picture representing a view of natural 
inland scenery" (The Oxford English Dictionary, 1933) whereas it commonly refers to 
the landforms of a region in the aggregate (Webster's New Collegiate Dictionary, 
1980). Landscape is a distinct, measurable unit with several ecological characteristics. 
The term "Landschafl" (Passarge, 1935) means that a community of a higher order 
composed of communities of organisms, including plants, animals and occasionally 
men, together with the complex of inorganic phenomena (Berg, 1931). In other words, 
landscapes are made up of an assemblage of individual landforms which are 
composed of patches of different classes (Pickup, 1990). Forman et al (1981) 
suggested that landscape is a kilometers-wide area where a cluster of interacting 
stands or ecosystems is repeated in similar form. Meanwhile, Klopatek and Gradner, 
(1999) defined landscape as an area or patch detected by its recognizable and spatially 
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repetitive cluster of interacting ecosystems, geomorphology and disturbance regimes. 
From a spatial perspective, landscape varies considerably in areal extent and in scale. 
A localized area of a few meters or hundreds of meters across is at a finer level scale 
than a landscape (Forman et al, 1981). It is also a concrete system in their own right 
with different scales, serving as the spatial matrix for organisms, populations, and 
ecosystems (Allen and Hoekstra, 1992). Moreover, different types of landscapes can 
be recognized in the typological sense as well as in the chorological sense (Antrop, 
2000). From a temporal perspective, landscape can be defined as a discrete area 
which share a common history and “whose behaviour is shaped by a particular set of 
processes or events of a certain frequency" (Pickup, 1990). 
In landscape ecology analysis, the smallest unit, patch, in a landscape should 
be "unitary in all edaphic factors and relatively homogeneous in its biological-
ecological content" (Troll, 1943). A more concrete definition of "patch" is given by 
Forman et al (1981): "Patches are communities or species assemblages surrounded by 
a matrix with a dissimilar community structure or composition." Specifically, a 
"cluster" (i.e. patch) is defined as a group of sites of similar type that have at least one 
edge in common (Turner, 1989). Hence, area contiguity and uniform cover summarize 
the common definition of patch. Patches do not exist singly, but vary in numbers and 
in their configuration and juxtaposition to on another. 
With the application of remote sensing in landscape ecology, a patch can be 
defined with reference to the basic unit in remote sensing data i.e. grid. Hence, in 
raster data format, patch is a continuous grouping of grid cells which are contiguous, 
adjacent and/or diagonal of same land cover, representing the same feature in the 
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landscape. It is commonly identified in the data set by either of two rules that are 
"Four nearest neighbors" and "Eight nearest neighbors" (Turner et al, 2001). 
2.1.2 Dimension of Landscape Ecology 
Spatiality has been seeded into the term "landscape" which refers to a spatially 
heterogeneous area. The spatial patterning of ecosystem types is a unique new 
phenomenon that arises at the landscape level (Klopatek et al, 1983). Patterning is an 
important ecological phenomenon and spatial patterns are the result of complex 
interplay while landscape changes have direct impacts on ecological processes 
(Forman and Gordon, 1986). Hence, "Landscape Ecology explicitly addresses the 
importance of spatial configuration for ecological processes" (Turner et al, 2001). 
Levin (1976) concluded that controlling factors on pattern are local uniqueness, phase 
differences and dispersal effects which implied concept of spatiality. 
Concept of landscape ecology has been applied in several studies. Normally, 
landscape ecological studies focus on the effects of spatial patterning and changes in 
landscape structure on the distribution, movement and persistence of species (Turner, 
1989). Development and dynamics of spatial heterogeneity have also been 
emphasized. Landscape succession or landscape dynamic is important because it is 
related to the gradual development of life communities from the pioneer stage to 
climax (Passarge, 1913). Forman et al (1981) review landscape dynamics as the flux 
of energy, mineral nutrients, and species among the component ecosystems and 
consequent changes in system. Moreover, landscape ecology mainly focuses on three 
characteristics of the landscape: structure, function and change" (Forman and Godron, 
1986). 
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"Structure" refers to the spatial relationships between distinctive ecosystems, 
that is, the distribution of energy, materials and species in relation to the sizes, shapes, 
numbers, and kinds and configurations of components (Forman and Gordon, 1986; 
Chuvieco, 1999). In fact, landscape structure must be identified and quantified in 
meaningful ways before the interactions between landscape patterns and ecological 
processes can be understood. So, landscape patterns and their implication for 
ecological processes are primary research foci in landscape ecology. Landscape 
structure is composed of two basic components: composition and configuration. 
Composition is a non-spatially-explicit characteristic such as proportion of land 
covers. It does not measure or reflect the patch geometry or geographical location 
(Leitao and Ahem, 2002). Configuration relates to spatially explicit characteristics of 
land cover types in a given landscape, namely those associated with patch geometry 
such as size and shape metrics (Leitao and Ahem, 2002). Franklin and Forman (1987) 
indicated that influence of landscape pattern on ecological processes is mainly due to 
the spatial configuration of patches. Functioning of a landscape and its structure are 
intimately related while the driving force for the evolution of a landscape is the 
restructuring of the environment to make a certain functioning optimal (Antrop, 2000). 
Landscape function refers to various interactions within the ecosystem such as 
energy fluxes, material exchanges and species dispersal (Forman and Gordon, 1986; 
Chuvieco, 1999). Although information on landscape functioning is proven as 
valuable resources, few studies have focused on this aspect. It may take long-term 
monitoring. On the other hand, Interactions are difficult to be interpreted. 
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Ecological processes may operate not only on spatial scales, but also temporal 
scale (Baker, 1989). Change refers to alteration in the structure and function of the 
ecological mosaic through time (Forman and Gordon, 1986). Studies on landscape 
change aims at detecting changes in landscape patterns as well as the main processes 
guiding change (Chuvieco, 1999). Landscape-level changes can be highly complex 
because the rate of change varies across the landscape and individual landforms do 
not always respond in the same way (Pickup, 1990). Similarly, because of lags in 
landform response, only the most active parts of the landscape may change 
sufficiently to allow detection (Pickup, 1990). But, small changes in landscape pattern 
may produce sudden changes in abundance which could only be predicted from 
interaction between landscape characteristics and population-specific life history 
parameters (Gardner et al, 1993). 
Apart from the above dimension, studies also focus on fragmentation and 
human disturbance. Fragmentation of habitats is a common process related to 
landscape change, affecting both its structure and function. It causes the division of 
landscape elements into smaller pieces (Leitao and Ahem, 2002). Fragmentation 
involves changes in landscape composition, structure and functions at many scales 
and occurs on the natural patch mosaic created by changing landforms and natural 
disturbance. Leitao and Ahem (2002) summarized that loss of original habitat, 
reduction in patch size and increasing isolation are three major components of 
fragmentation (Leitao and Ahem, 2002). 
Forman and Gordon (1986) noted that fragmentation of forest areas can be 
expected to influence ecological processes at the local forest patch level. Changes in 
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spatial pattern in the form of habitat fragmentation have been implicated in the 
decline of biological diversity and in the ability of the ecosystem to recover from 
disturbances (Baker, 1989; Turner, 1989; Saunders et al, 1990; Saunders et al, 1991; 
Kupfer, 1995; Schumaker, 1996 and O'Neill et al, 1997). In fact, habitat 
fragmentation is one of the greatest threats to biodiversity worldwide. 
Man's influence on the landscape has increased dramatically over the course 
of this century (Herzog et al, 2001). As there is no place without any human 
disturbance, humans had a major role in influencing landscapes and their past effects 
had contributed to present-day landscape pattern (Turner et al, 2001). In return, 
human can be affected by changes in landscape configurations which may cause a 
tangible loss of environmental quality. As most landscapes have been influenced by 
human land use, the resulting landscape mosaic is a mixture of natural and human-
managed patches that vary in size, shape and arrangement (Burgess et al, 1981, 
Forman and Gordon, 1981 and Krummel et al, 1987). As a result, all human 
inhabited, influenced or modified landscapes are regarded as the tangible products of 
interactions between nature and culture (Naveh, 1990). And landscape changes have 
been seen as an indicator of human activities and their environmental consequences 
(Poudevigne and Alard, 1997). 
Delcourt (1997) studied the influence of human activities on relative 
abundance, distribution range, invasion, soil nutrient depletion and mosaic change. 
Addition of human disturbance on a landscape may produce a complex of forest 
patches and the successional hardwoods characteristic of seres. Meanwhile, human 
disturbance has altered patch size, shapes and their spatial relationships (MladenofF et 
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al, 1993). In terms of spatial associations, the forest types of the two landscapes 
reveal changed relationships caused by anthropogenic disturbance, producing greater 
fragmentation and proliferation of successional types on Border Lakes (Mladenoff et 
al, 1993). Krummel et al (1987) also suggested that human activities simplify 
landscape structure whereas disturbance can increase or decrease landscape 
heterogeneity, depending on observed scale and particular parameter measured. 
2.2 Landscape Metrics 
Quantifying environmental heterogeneity has been an ongoing objective of 
ecology and other branches of environmental science (Krummel et al, 1986). The 
ability to describe landscape structure in quantitative ways is a prerequisite to the 
study of landscape function and change (McGarigal and Marks, 1995). Generally, 
landscape metrics are used to provide additional information to quantify landscape 
structure in terms of landscape configuration and landscape composition (Herzog et al, 
2001). Indeed, landscape metrics enable ecological processes to be measured 
quantitatively, and support a better understanding of landscape pattern and process 
(Leitao and Ahem, 2002). With reference to scale of analysis, landscape metrics 
characterize landscape structure in a nested framework which is based on individual 
patches, then summarizing patch values for land use individual classes and finally for 
the entire landscape (Herzog et al, 2001). In practice, no single metric can capture the 
full complexity of the spatial arrangement of patches and so a set of metrics is 
frequently employed (Saura and Martinez-Millan, 2001). One of the examples is the 
study of Eastern United States (O'Neill et al, 1988), three complementary landscape 
indexes (dominance, contagion and fractal dimension) are used. However, even 
though a variety of metrics have been applied to landscape monitoring and assessment 
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(Hunsaker et al, 1994 and Ritter et al, 1995), the major value of landscape metrics is 
for comparing alternative landscape configurations i.e. the same landscape at different 
times (Gustafson, 1998). 
For categorisation of landscape metrics, quantifying landscape structure can be 
divided into two main groups: composition and configuration. By comparing the 
metrics of different times, landscape change can be notified. Since composition is 
non-spatial information, the simplest indicator is the total change in land cover. 
According to O'Neill et al (1992), changes in natural vegetation cover reflect the loss 
of wildlife habitat whereas landscape simplification (reduction of diversity) can also 
be indicated by the proportion of each class. Cross-tabulation of land cover area in 
two different times is used (Mladenoff et al, 1993) to obtain information on net 
change and gross change in land covers. 
Diversity measures have also been extensively used in different ecological 
application to quantify landscape composition. Some of the metrics are derived from 
information theory such as Shannon's Diversity. The theoretical basis to interpret 
Shannon's entropy (Shannon's Diversity) as a measure of biodiversity relates to the 
connection between information theory and the entropy concept within classical 
statistical mechanics (Doing, 1997). While Shannon's entropy has been widely used 
in ecological literature to characterize species diversity, it also provides the basis for 
diversity-based landscape metrics (O'Neill et al, 1988). In calculation, Shannon's 
Diversity Index (SHDI) is equal to 
m 
- p j X \n{p^) (Equation 2.1) /=i 
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where pi is the proportion of landscape occupied by land cover i and m is number of 
land cover present in landscape. The value of this index increases which proportional 
distribution of area among patch types becomes more equitable. However, absolute 
magnitude of Shannon's diversity may not be meaningful which is used as a relative 
index for comparison (McGarigal and Marks, 2000). 
Simpson-based indices were preferred to Shannon's indices because the use 
of Shannon's indices is also recommended only if richness is greater than 100 (Yue 
and others, 1998). Simpson's diversity is a probability which make absolute and 
relative comparison feasible which is calculated as 
m 
1 — ^ pf . (Equation 2.2) 
i=l 
Specifically, it represents the probability that any 2 pixels selected at random 
belonging to different patch types and hence value approaching to 1 implies that the 
number of different patch types increases. 
The Dominance index is closely related to diversity. It is used to measure the extent 
to which one or a few land uses dominate the landscape. It is calculated as 
m Inm + ^ P z In Pi 
D = ^ (Equation 2.3) Inm 
where Pi is the proportion of the grid cells on the landscape in land use i and m is total 
number of land use categories. "In m" represents a maximum with all land use types 
present in equal proportions and the summation term yields a negative value. Hence, 
at large values of D, summation term deviates from the equiprobable maximum which 
implied the landscape is dominated by one or a few land uses. 
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In quantifying configuration of the landscape, shape and contagion indices are 
mostly applied whereas patch size and edge also possess important information (first-
order statistics). 
Examining patch size and patch number together may be considered as 
representing landscape configuration, even though they are not spatially explicit 
measures. A decrease in size of patches but increase in total amount can indicate 
fragmentation. However, it conveys no information about distribution of patches 
(McGarigal and Marks, 2000). On the other hand, the mean, variance, and skewness 
of the patch size distribution (second-order statistics) become potential indicators of 
species change when landscape becomes more hospitable to some species and less 
hospitable to others (Wiens and Milne, 1989). In fact, landscape patch area has been 
shown to correlate strongly with species diversity (Galli et al, 1976, Gottfried, 1979, 
Moore and Hooper, 1975 and Whitcomb, 1977). Gardner et al (1991) noted that the 
length of forest edge on a landscape is also an important indicator of the integrity of 
wildlife habitat. The patch edge appears to vary in width from a few meters to a few 
tens of meters in patches at the landscape level (Forman et al, 1981). In several 
literatures (e.g. Temple 1986; Noss, 1988), the edge effects are found to relate to 
forest fragmentation. Total Edge (TE) is an absolute measure of total edge length of a 
particular class or landscape whereas Edge Density (ED) standardizes edge to a per 
unit area basis. Both of them have been considered as good indicators for landscape 
configuration (McGarigal and Marks, 2000). All indices relating to edge, however, 
are sensitive to scale of investigation and resolution of image and hence they are 
comparable among images with same resolution. 
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“The ratio of patch size to edge length can be significant" (Harris, 1988). 
Herzog et al (2001) used edge and shape metrics to quantify the occurrence of 
ecotone. In application, shapes and boundaries in the landscape have been quantified 
by using fractals, which provide a measure of the complexity of the spatial patterns 
(Turner, 1989). Fractal dimension (FD) is commonly used and is suggested as an 
orthogonal parameter in characterizing landscape configuration (Krummel et al, 1987). 
It measures how much of the geographical space is filled by boundaries (Liu and 
Cameron, 2001) and hence average shape complexity of the patches. It was calculated 
as twice the slope value of the regression of the log of the patch perimeter versus the 
log of the patch area which theoretical range is 1.0 to 2.0 (Lovejoy, 1982, Baker and 
Cai, 1992). The more complex the shape of the patch, the greater the fractal 
dimension will be (Lam et al, 1992). Krummel et al (1987) indicated that high value 
of FD implied the landscape with many patches with complex and convoluted shapes 
whereas a decline in the fractal dimension indicates that the patches have become 
more geometric in shape (Burrough, 1986). However, this index employs regression 
analysis and hence it is useful only for large sample size i.e. n > 20 (McGarigal and 
Marks, 2000). Therefore, fractal dimension index (FDI) is calculated for insufficient 
data set or a single patch. It is computed as 
21n(0.25;?,) 
FDI = — (Equation 2.4) In a.j 
(pij = perimeter of patch ij and aij = area of patch ij). As suggested by Frohn (1998), 
both FD and FDI are affected by scale, or resolution of the grid data. Hence, another 
improved index is proposed for different scales i.e. Square Pixel 
a..2 
SqP = 1 - (4 X . (Equation 2.5) 
PiJ 
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It has been proven that the improved index is more preferable than fractal dimension. 
For interpretation, it has been suggested that human-influenced landscapes 
exhibit simpler patterns than natural landscape, as measured by the fractal dimension 
(Krummel et al, 1987, O'Neill et al, 1988). Similarly, landscapes influenced by 
natural rather than anthropogenic disturbances may respond differently, with natural 
disturbances increasing landscape complexity. As an example, landscape dominated 
by agriculture tends to be divided into simple squares and rectangles, giving small 
fractal dimension. While fractal has been applied to a variety of landscape ecology 
problems, they conveniently describe many of the irregular, fragmented patterns 
found in nature (Mandelbrot, 1983). 
“Contagion，，refers to the tendency of patch types to be spatially aggregated 
and reflects the dumpiness of the landscape (McGarigal and Marks, 2000). 
Landscape configuration is often assessed using a contagion index, which compares 
the actual with the maximal entropy for a given number of land use or land cover. It is 
formulated (Li et al, 1993) as 
total total classes classes 
- Z 
C = 1 (Equation 2.6) 2 X ln(Classes Present) 
where gij = number of adjacencies between pixels of class i and class k. As contagion 
measures both patch type interspersion as well as patch dispersion, contiguous patches 
would be found in the landscape with a higher value of contagion (McGarigal and 
Marks, 2000). For a class specific contagion, dumpiness index (CI) is introduced 
(McGarigal and Marks, 2000) which 
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is computed as follows: 
/ \ 
G, = ‘ ^ (Equation 2.7) 
\k=l J 
( G - P ] 
CI = Gi_Pi for G , < P ; P > 0 . 5 
\-P. ‘ ‘ 
G -P 
V J 
in which gii = number of like adjacencies between pixels of patch type i based on the 
double-count method, gik = number of adjacencies between pixels of patch types i 
and k based on double-count method and Pi 二 proportion of the landscape occupied 
by class i. It is calculated from adjacency matrix and ranged from —1 (disaggregated) 
to 1 (clumped). However, Contagion and CI can be used in raster image whereas 
interspersion and juxtaposition index (IJI) can be applied in raster and vector data 
(McGarigal and Marks, 1995). In computation, 
- t h n i 
jL^ m m 
w Z � 
IJI = — — ^ ) “ = 1 ^ ( 1 0 0 ) (Equation 2.8) 
\n(m - 1 ) 
where Cikis total length of edge in landscape between class i and k and m is number of 
classes. For a higher value, patches types are well interspersed which implied that 
they are equally adjacent to each other. 
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Instead of adjacent relationship, landscape connectivity are used and has been 
defined as the potential flow or movement of seed, animals, materials, water or 
mineral nutrients within and between the patches and network of a landscape (Jr. 
LaGro, 1991). Landscape connectivity may be quite important for species persistence 
(Turner, 1989). To a certain extent, habitat connectivity can be thought of as an 
inverse to habitat fragmentation. Increasing fragmentation and loss of their 
connectivity causes malfunctioning and restructuring of the geographical environment 
(Antrop, 2000). In the computation of connectivity, edge to edge and centre to centre 
distances of patches are proposed (Forman, 1986). For edge to edge basis, it is 
computed as 
f Total Total \ 
patches-l Patches 
^ I Interaction between patch i and patch j 
/=1 j-i+\ 
~ (Equation 2.9) 
Total Interactions 
, 1 . . {Mass of patch i) x (Mass of patch /) where patch interaction = — — - . 
{Edge to Edge DISTANCE between patchesf 
For centre to centre basis, it is computed as 
f Total Total \ patches-\ Patches 
工 Interaction between patch i and patch j 
/=1 j=M 
— (Equation 2.10) 
Total Interactions 
(Mass of patch i) x {Mass of patch j) where patch interaction -
{Centroids DISTANCE between patchesf 
For both indices, higher value suggests a mosaic of large patches is relatively close 
together. 
Reviewing on metrics of different aspects, the capacity to generate 
information about the spatial properties of the landscape generally exceeds our ability 
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to apply or interpret such information in ecological terms (Griffiths, 2000). According 
to several comparative studies and reviews (Riitters et al, 1995; McGarigal and 
McComb, 1995), landscape metrics are frequently strongly correlated and can be 
confounded. Therefore, Riitters et al (1995) suggested that a large suite of metrics 
actually measures half-dozen independent aspects of pattern. Redundancy should be 
minimized, particularly with indexes that may be highly correlated with each other 
(Turner, 2001). 
2.3 Application of Remote Sensing in Landscape Ecology 
Remote sensing is defined as the measurement of object properties on the 
earth's surface using data acquired from aircraft and satellites (Schowengerdt, 1997). 
In analysis, measurements rely on the interactions between sensors and objects which 
reflected energy is used to characterize the objects themselves. It does not need any 
contact with the ground object i.e. in situ measurement to obtain information since 
those information is transferred in the form of electromagnetic radiation. 
The increasing use and application of comprehensive geographic information 
to species and natural communities conservation represents a relevant change in 
philosophy and attitude of natural resource management (Zurlini et al, 1999). More 
specifically, different applications of remote sensing techniques through information 
from vegetation reflectance properties can be found in monitoring desertification, 
hydrological environment, environmental quality and agricultural production. Apart 
from this, it can monitor a wide range of changes in forestry, urban green spaces, land 
use and land classification survey, biomass estimation for arable crops and grazing 
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lands and the identification and delineation of protected areas for the preservation of 
rare species (LUO, 1989). 
"Dynamic" is the most universal characteristic of ecosystem. Information 
obtained in situ or from single date imagery only represent per sec characteristic of 
ecology. Static monitoring and analysis can no longer fulfill the demand of 
environmental protection. Instead, dynamic monitoring and analysis become vital in 
environmental management. Fung (1992) noted that in order to have a better 
monitoring of environment, timely acquisition of land use and land cover information 
is important. Combining with GIS information and historical information provides 
multiple perspectives on the dynamics of various ecosystems and become a powerflil 
tool in understanding regional landscape dynamic. 
Additionally, technical capability of satellite imagery coupled with GIS 
technology offers an ideal combination for monitoring and assessing landscape 
condition (O'Neill et cd, 1999). The linkage of remote sensing and GIS with landscape 
ecological research, which integrates the spatial patterns of land cover and ecological 
processes, can provide a sound basis for assessing broad-scale changes in the rural 
landscape and developing strategies for land management (Turner, 1990). 
Remote sensing promises to bridge the gap between intensive ecological 
researches and the better planning and management of landscapes as it provides data 
at large and synoptic scales (Roughgarden et al, 1991). Then, it is feasible to assess 
wider regions with longer term and more continuous data. In reality, landscape-level 
estimates of ecosystem process are difficult to obtain. Landscape data are considered 
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increasingly as important environmental variables at regional and higher level as well 
(Gulinck et al, 1993),. Meanwhile, satellite images and aerial photographs are 
preferred data sources for regional or spatial approach works in a more holistic 
manner (Antrop, 2000). Hence, remote sensing imagery become unique in the sense 
that they provide recent landscape information for a large area in raster format which 
is used for derivation of landscape pattern (O'Neill, 1988). 
Theoretically, "the horizontal approach of air photography research concerned 
the regional differentiation of the earth's surface, examining the spatial interplay of 
natural phenomena which embrace the senses of landschaft ecology" (Troll, 1971). It 
provides "hitherto unavailable regional information to ecosystems analysts” (Lulla 
and Mausel, 1983). Besides satellite imagery data, introduction of aerial photos 
produced not only the basis of topographical maps but also a view of the landscape 
and an outline of the regional ordering and distribution of landscape elements (Troll, 
1971). Chuvieco (1999) and Turner (1990) concluded that the role of landscape 
structure analysis from satellite imagery is complementary to field methods in 
assessing the landscape pattern and will play an increasingly important role in 
landscape ecology research. 
Combining remote imagery, GIS and principles from landscape ecology into a 
powerful approach for monitoring environmental quality over large regions have been 
illustrated by O'Neill et al (1997). In application, raster data are more commonly used 
in landscape analyses largely because the computer programming of the analyses is 
easier and most satellite imagery is in raster format (Turner, 2001). Technically, 
spatial analysis of raster maps are frequently used in calculating landscape metrics 
which aim to describe quantitative characteristics of landscape structure. Hence, an 
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objective comparison of different landscapes for grouping or differentiation is allowed 
(Antrop, 2000). 
Measurements of landscape pattern are commonly made from land cover. The 
digital nature of land cover information from satellite imagery enables a potentially 
large number of landscape metrics to be derived (Haines-Young and Chopping, 1996). 
This approach is based on nominal-scale classified maps using quantitative indices 
(Chuvieco, 1999). Image classification is a process used to produce thematic maps 
from remote sensing data. With the aid of thematic maps, informational description 
for the study area can be obtained. Classification can be regarded as a compression 
tool for efficient data transmission (Schowengerdt, 1997) and processed and classified 
imagery are also complementary documents, in addition to topographical maps which 
are not always up to date (Goossens et al, 1993). In order to classify the image, 
classification algorithm needs to be trained. Representative category samples i.e. 
training data are collected to train the classifier in order to recognize the different 
categories. Training of a classification algorithm can be supervised or unsupervised. 
In supervised classification, the identity and location of some of the land cover types 
are known a priori (Jensen, 1996) while the identities of land-cover types to be 
specified as classes within a scene are not generally known a priori in unsupervised 
classification (Jensen, 1996). It is clear that each decision in the mapping process such 
as selection of algorithm will affect the determination and analysis of spatial structure 
(Gustafson, 1998). 
Using clumping techniques, thematic map derived from classified images can 
be converted into 'patch maps', where all the areas with contiguous pixels and the 
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same cover type are assigned to the same code (Tomlin, 1990). With reference to 
landscape metrics computation, patch shape and patch area are the most important and 
primary element which can be identified from those classified and clumped landscape 
map. 
However, Angermeir and Karr (1994) argued that ecosystem seems to keep 
more of their functional performance than their species composition and species 
composition appears to be more sensitive than ecosystem processes. Therefore, 
structural changes may not imply functional change. Deficiency in ecological 
functioning information from remote sensing may be the result since information 
obtained from the ground object is the structural characteristics. Moreover, remote 
sensing data are highly sensitive to scale issues which comprises both grain and extent 
(Saura and Martinez-Millan, 2001)�In fact, data are generalized to the grid cell size 
and may thus lead to statistical fallacies, inaccuracies and under-representation of rare 
phenomena (Forman and Gordon, 1980). Compared to small-scale investigation, 
accuracy in remote sensing data should depend on the spatial and multispectral 
resolution. Indeed, modem computer technology in remote sensing has overcome the 
problem of quality of data in precision (Lulla and Mausel, 1983). But, information 
loss and inaccuracy are necessary to be taken into account, even there are 
considerable difference in cost per unit area among different scales in investigation. 
The choice of grain size or resolution of mapped land cover data can affect the results 
of analyses conducted for ecological assessments. Hence, in study of Kent and Wong 
(1982), result of length determinations for different lakes will only be comparable 
when it is performed at the same scale. 
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2. 4 Wetland Habitats and Situations in Hong Kong 
Problems of accessibility was severely limited the ability to take sample 
within wetlands. Satellite images with high spatial resolution provide opportunities to 
get accurate and updated information in inaccessible land (Griffiths, 2000). Before 
applying remote sensing to wetlands landscape characterization, background 
information of wetlands habitat are necessary to be reviewed. 
Wetland comprises about 6 per cent of the world's surface (William, 1990). 
Ecologically, wetlands center on the interplay between dry-land terrestrial and 
permanently wet aquatic ecosystems. Tarn and Wong (2000a) defined wetlands as 
flatlands or slopes with perennial water tables at or near the surface and with the 
accumulation of sand, mud or organic matter on poorly consolidated debris. By 
definition in the Ramsar Convention, wetlands are areas of marsh, fen, peatland or 
water, whether natural or artificial, permanent or temporary, with water that is static or 
flowing, fresh, brackish or salty, including areas of marine water the depth of which 
does not exceed six meters at low tide. 
There exists a great variety of wetland on the earth's surface. Among them, 
"coastal wetland" is a kind of wetland which receives and absorbs wave energy and 
tidal energy. "Tides produce a shortspan alteration of two sorts of regimes, aerial and 
aquatic, that is unique to sea shores" (Morton, 1983). Under the intertidal water 
regime, the dominant vegetation type is salt marsh and mangrove (Williams, 1990 and 
Tarn and Wong, 2000a). 'Mangrove' comes from a Portuguese word meaning ”plants 
that colonize and thrive in muddy sea shores or swampy areas (Tama and Wong, 
2000a)”. Taxonomically, mangroves belong to no single taxonomic family but form 
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an inter-tidal scrub or forest. The name ‘mangrove, is just a description of a habitat 
(Morton, 1983) which is a unique inter-tidal wetland ecosystem fringe of sheltered 
tropical and subtropical shores, receiving inputs from regular tidal flushing and from 
freshwater streams and rivers (Tarn and Wong, 2000a and Tarn and Wong, 2000b). 
Special growing conditions induce the unique characteristics of mangrove 
stands. The changing balance of wet and dry, from high to low water, leads to a 
steeply graded transition known as an ‘ecotone，，with its successive zones often very 
clear-cut (Morton, 1983). As it is affected by tides, four major problems are unstable 
substrata, anaerobic soil conditions, high salinity and desiccation. (Tarn and Wong, 
2000a and WWF, 1997). In order to overcome these problems, mangrove plants have 
specialized physiological characteristics (aerenchyma and salt glands) and structural 
or morphological adaptations (pneumatophores and cables roots) (Tarn and Wong, 
2000a; WWF, 1997; Morton, 1983). 
Wetlands are amongst the world's most productive places in providing food, 
drinking water and other important resources (WWF, 1997). Inter-tidal wetland i.e. 
mangrove habitat is probably the most elaborate and complex of all habitats among all 
wetlands. In other words, it is the world's most productive ecosystems in terms of net 
primary productivity (Tarn and Wong, 2000). 
The importance of mangroves (Figure 2.1) is shown by its contributions to the 
ecosystem. Mangrove stands serve as buffers between land and sea and serve as a link 
between marine and terrestrial ecosystems. In Tarn and Wong (2000a)，s study, such 
buffers can protect our shorelines from erosion due to currents, waves, winds and 
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storms, and maintain shore stability, trap sediments to expand shore area, and sustain 
a natural ecological balance of aquatic ecosystems (Tarn and Wong, 2000a). As a 
primary producer supporting the wetland ecosystem, mangrove plants are an 
important component in providing nutrients and food for the marine environment 
(WWF, 1997). Moreover, it acts as a prime nesting, shelter or migratory site, or 
stopover point for hundreds of wildlife and bird species such as herons and egrets 
(Tarn and Wong, 2000a; Tarn and Wong, 2000b). 
Figure 2.1 Mangroves 
However, wetland loss is evident worldwide due to rapid urban development 
at the expense of wetland. Drastic changes occur as wetlands all over the world are 
subject to drainage, reclamation and human transformation to agricultural, industrial 
and urban uses (Fung, 1992; Meyer and Turner, 1994). In the United States, 54% of 
total wetlands have been lost in 200 years(Williams, 1990). In Hong Kong, large areas 
of foreshore have been lost, typically in the flat alluvial plains of river and stream 
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mouths which have also led to the destruction of wetland habitats, especially 
mangroves (Melville and Morton, 1983). Conservation efforts protecting wetlands 
from degradation and destruction and raising awareness of their importance are urgent. 
To meet this end, it is important to adopt existing global convention in conserving 
wetland habitats, the Ramsar Convention. 
The Ramsar Convention was designated on February 1971 and came into 
focus in 1975 (WWF, 1997). Its foundation aims at conserving natural resources on a 
global scale. It is the only worldwide treaty that "restrains the countries joining it from 
the unthinking, selfish exploitation of their sovereign natural patrimony" (Matthews, 
1993). As undesirable consequences mounted after the progressive disappearance of 
wetlands caused by human disturbance, calling for a halt to wetland destruction and 
an instrument for wetland conservation in developed and developing countries 
appeared. Hence, the Ramsar Convention becomes a framework for conservation and 
wise use of wetlands that can be shared by different countries. At the same time, 
BirdLife International, lUCN - The World Conservation Union, Wetlands 
International, and the World Wide Fund for Nature (WWF) also are recognized as 
international organization partners and cooperate with the Ramsar Bureau. The 
achievements of the Ramsar Convention, as of March 2000, include 130 
contracting parties to the convention, with 1140 wetland sites, totaling 91.7 million 
hectares, designated for inclusion in the Ramsar List of Wetlands of International 
Importance. Of those sites, Southeast Asia is the region richest in wetlands of which 
no less than 16.3 million hectares are located in China (Matthew, 1993). 
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Under the Ramsar Convention, a set of criteria is considered to determine 
which wetlands should be included in the list of internationally important wetlands. 
Firstly, the site must be a particularly good representation of a natural or near-natural 
wetland, characteristic of one, or common to more than one, biogeographically region. 
Secondly, it supports an appreciable assemblage of rare, vulnerable, or endangered 
species of plants or animals. Thirdly, it holds more than 20,000 waterbirds. Finally, it 
holds more than 1% of the individuals in the population of a species of waterbirds 
(WWF, 1997). 
Though conservation is the primary goal, responsible development is also a 
target. According to Article 3.1 of the convention, “wise use" should be implemented 
during land use planning. Although no exact definition exists for "wise-use", the 
Ramsar site should be taken into consideration in advance in order to preserve it and 
develop in a sustainable way. Under the "wise use" concept, human activity can be 
allowed in a Ramsar site, e.g. for fish farming，low intensity recreation etc., as long as 
the use is sustainable (WWF, 1997). 
On 5th September 1995, Mai Po and Inner Deep Bay were designated as a 
Ramsar Site (WWF, 1997). The core area includes the inter-tidal mudflats (Figure 2.2) 
and the adjacent mangroves and fishponds which provide a wide range of habitats to 
support a high diversity of biota (Planning Department HKSAR, 1997a). The listing 
helps promote the conservation of this international important wetland, preserve 
plants and animals in the area, and prevent environmental damage caused by 
incompatible development since Hong Kong has a general obligation to conserve 
wetlands and waterfowl within its borders (AFCD, 1995). 
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Figure 2.2 Mudflat 
Conditions in Mai Po meet the criteria of the Ramsar listing (WWF, 1997). 
Firstly, 12 endangered waterbirds species occur in Mai Po, which regularly holds over 
20000 wintering waterbirds. In January 1996 over 68000 waterbirds were recorded in 
the Mai Po wetlands. Secondly, Mai Po holds over 1% of the individuals in the 
population of 11 species of waterbirds. In particular about 25% of the world 
population of the Black-faced Spoonbill winters at Mai Po. However, its holding 
capacity is defined by underlying contributions from its component ecological 
elements which have experienced a great change due to rapid urban development. 
Specifically, Mai Po faces both growth potential and threat to its ecosystem. 
On the one hand, establishment of mangrove stands in Hong Kong is limited by 
human activities, in particular, due to reclamation, infrastructure and urban 
development (Tarn and Wong, 2000b). The distribution of mangrove is thus scattered, 
though most are of them found in the Deep Bay Region including Mai Po, Lut Chau, 
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Tsim Bei Tsui and Sheung Pak Nai (Tarn and Wong, 2000a). On the other hand, the 
assessment of aerial photographs by Duke (1999) clearly demonstrates 50 years of 
seaward expansion of the mangrove fringe beyond the Gei Wai bund wall since 1949. 
In the mid-1940s, before the area was protected, a series of intertidal prawn 
ponds were constructed in the coastal mangrove by excavating along the boundary 
destined to demarcate the location and were called as gei wais. They are characterized 
by having a sluice gate which allows water exchange and the entry of prawn larvae 
from Deep Bay (Young, 1999). Gei wais in Hong Kong's Mai Po Marshes nature 
reserve principally provide a wetland habitat and sanctuary for birds and other 
animals. They also enclose and protect a large area of mangrove forest (Melville and 
Morton, 1983; Tarn and Wong, 2000a). 
Furthermore, fishponds (Figure 2.3) and those surrounding the Mai Po Marshes 
Nature Reserve have intrinsic ecological value as they function ecologically as a 
substantial source of food supply for birds and as an important habitat for roosting and 
foraging of water birds (Planning Department HKSAR, 1997b). In the "Study on the 
Ecological Value of Fish Ponds in Deep Bay Area" conducted by the Planning 
Department, HKSAR (1997a), the similarity in the bird composition for both habitats 
suggests that the fishpond habitat and Mai Po Marshes Nature Reserve should be 
treated as part of the same ecosystem. Specifically, ardeids (egrets and herons) were 
observed to be the dominant group of birds dependent on the fishponds. According to 
WWF, 1997, fishponds located around Mai Po Nature Reserve function as buffer 
zones to reduce direct influence of the developed area to the nature reserve. In 
Planning Department, HKSAR (1997a)’s study, the changes of fishponds in Hong 
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Kong up to 1985 are briefly described, focusing on the conversion ofgei wais and rice 
fields to fish ponds, and from 1985 onwards, the steady disappearance of fishponds as 
a result of infilling for uses such as open storage, car repairs and dredging for 
drainage work. Hence, the area of fishponds decreased by 32% between 1987 and 
1993 largely due to the new town development in Tin Shui Wai. 
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Figure 2.3 Fishponds 
Similarly, termination of gei wais provides opportunities for the invasion of 
reedgrass phragmites australis. As the pond floor rises, it soon becomes invaded by 
climbers and reeds (Figure 2.4). In the study of Young (1999), comments on the reed 
bed are as follows: "Although reeds may be considered to be a problem in the Gei 
Wais, they are also an example of a threatened habitat. The reed beds at Mai Po are 
one of the largest in Guangdong Province, China. They are important habitats for 
wildlife and a recent entomological study in the Mai Po reed beds found nearly 400 
species of terrestrial invertebrates. Then those invertebrates become food source for 
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Figure 2.4 Reed Bed (http://www.hkdiscovery.com) 
Understanding the contribution of different components in the Mai Po wetland 
habitat, management principles can be implemented. For the principles of "no-net-
loss" and "wise use", sustainable use may yield the greatest continuous benefit to 
present generations, while maintaining their potential to meet the needs and 
aspirations of future generations (WWF, 1997). In other words, the integrity of 
habitats should be maintained to avoid disturbance and fragmentation (Planning 
Department HKSAR, 1997a). In order to implement the "wise use" and "no-net-loss" 
concepts, the Wetland Conservation Area (WCA) and Wetland Buffer Area (WBA) 
were designated to avoid loss of fishponds and negative off-site disturbance (Planning 
Department HKSAR, 1997b). For WBA, a buffer the distance of 500m is considered 
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by generic work overseas to be acceptable to protect most bird species (Planning 
Department HKSAR, 1997a). 
2.5 Summary 
Landscape can be defined as a complex of geographically, functionally and 
historically interrelated ecosystems i.e. "organized land" (Doing, 1997). With its 
emphasis on large areas, landscape ecology integrates natural and human features in 
the environment (Naveh and Lieberman, 1984). Cultural disturbance had progressed 
to the level where it was responsible for significant long-term changes (Friedman and 
Zube, 1992). Hence, human role is important to landscape characteristics. What can 
be done by human in order to improve the landscape quality? 
Understanding of pattern changes will enhance our capability to predict future 
landscape dynamics and devise effective landscape management strategies (Kiensat, 
1993). However, literatures related to wetland landscape in Hong Kong are limited. 
The technical capabilities of satellite imagery coupled with GIS technology offers an 
ideal combination for monitoring and assessing landscape condition. Determining 
status and trends in the pattern of landscapes can be useful for understanding the 
overall condition of ecological resources (Urban et al, 1987), especially for Mai Po 
Ramsar site. 
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CHAPTER THREE METHODOLOGY 
In this study, an assessment of the landscape ecology of wetland is conducted 
based on remotely sensed data. Satellite images provide spectral information on the 
ground surface that help identify land cover on the surface spatially and detect their 
changes temporally. In this chapter, methodologies of employing satellite image data 
for the assessment are described. 
3.1 Data Description 
3.1.1 Satellite Data 
Three SPOT HRV (High Resolution Visible) multispectral images dated 
December 21, 1991 (SP0T91), February 5, 1995 (SPOT95) and November 22, 2000 
(SPOTOO) with 20 meter spatial resolution are employed in the analysis (Figures 3.1 
to 3.3). They were all acquired during winter when dry monsoon conditions prevailed. 
According to weather reports of the Hong Kong Observatory (HKO), both images 
were acquired during cloudless and sunny days (Hong Kong Royal Observatory, 1991 
and HKO, 1995 and 2000). Tables 3.1 and 3.2 illustrate spectral data of SPOT HRV 
and scene specifications of the images respectively. Multispectral digital data stored 
are processed using the PCI Geomatics version 7.0 image processing package. 
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Figure 3.1a SPOT HRV Satellite Image taken in 1991 (SP0T91) 
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Figure 3.1b Study Area (SP0T91) 
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Figure 3.2a SPOT HRV Satellite Image taken in 1995 (SPOT95) 
Figure 3.2b Study Area (SPOT95) 
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Figure 3.3a SPOT HRV Satellite Image taken in 2000 (SPOTOO). 
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Table 3.1 Spectral Characteristics of the bands of SPOT HRV imageries 
Band Spectral band (陣）Spatial Resolution (m) Description 
XSl 0.50 to 0.59 20 Visible Green 
XS2 0.61 to 0.68 ~ 20 Visible Red 
XS3 0.79 to 0.89 20 Near Infrared 一 
XS4* “ 1.58 to 1.75 ^ Short Wave Infrared 
*For SPOT 4 only 
Table 3.2 Scenes Specifications 
Images SP0T91 SPOT95 SPOTOO 
Date of acquisition 91/12/21 95/2/5 00/11/22 
Julian Day, JD ^ ^ 
Sensors SPOT2 SPOTS SPOT4 
Instrument Mode HRVl HRV 1 HRVIR2 
Level IB IB lA 
Time of acquisition 110541 105851 110451 
Sun Elevation (deg) 40.6 44.6 44.4 
Azimuth (deg), 0s 157.0 145.8 158.3 
Incidence Angle (deg) R ^ R13.8 R06.6 
Scene Center Longitude (DMS) El 140406 E1141015 El 140548 
Scene Center Latitude (DMS) N0223030 N0222419 N0222403^ 
Exoatmospheric irradiance, XSl: 187.48 
ESUN, XS2: 164.89 
XS3: 110.14 
Absolute Calibration gains, ai XSl: 1.467 XSl: 1.03890 XS1:1.71129 XS2:1.83253 XS2: 1.15744 XS2:1.63259 XS3:1.9675 XS3: 1.28655 XS3:1.63259 XS4:8.21803 
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3.1.2 Topographic Map Sheets and Digital Maps 
Topographic map sheets with scales of 1:5000 or 1:20000 and digital maps 
with a scale of 1:5000, both obtained from the Lands Department, HKSAR, are used 
as reference information for recognizing land use and land cover. Different versions 
of map sheets are used which are dated 1993, 1999 and 2000. Moreover, a digital 
elevation model (DEM) with 20 meters resolution is incorporated for delimiting 
different land covers or land uses. 
3.2 Satellite Data Preprocessing 
In this study, temporal comparison on spectral characteristics of the images 
will not be carried out since landscape ecology concerned with structural attributes 
including landscape composition and configuration. As a result, a radiometric 
correction and atmospheric correction which is used to calibrate raw reflectance value 
of images into comparable reflectance value are not performed. However, temporal 
comparison on landscape attributes is needed. Hence, geometric correction is used to 
provide reliable spatial comparison on different images. Figure 3.4 illustrates the 
flowchart of procedures of image preprocessing. 
Geometric correction is used to correct geometric distortion present in digital 
image data (Richard, 1999). With reference to the digital map, image to map 
rectification method is carried out in which three SPOT HRV images are registered 
with reference to the Hong Kong 1980 metric grid system. 8 ground control points 
(GCPs) are collected on map coordinates (X-coordinate, Y-coordinate) and image 
coordinates (rows, columns). Image registration is achieved by second order 
polynomial functions. The root mean square errors for all images are less than 0.5 
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pixel (Table 3.3), which is acceptable for most applications. After geometrical 
correction, a subset of study area (610 pixels X 610 columns) is created from 
geocoded image of SPOT91, SPOT95 and SPOTOO. 
Table 3.3 Root Mean Square Errors of Geometrical Corrections for SP0T91, SPOT95 
and SPOTOO 
^ ^ ... . ^ , ^ i n . _ ,, 1 Root Mean Square Error 
Satellite images Ground Control Points Collected  
Overall  
SPOT91 8 — 0.36 — 
SPOT95 “ 8 0.11 SPOTOO 8 0.19 
Read Data from Original 
Compact Disc 
1 r  
Import Raw Data as PCI 
Geomatic File Format (PIX) 
i  
Geometric Correction 
” 1 r ” 
• Step 1: Collect ground sample point on Uncorrected Image I 
I Step 2: Collect ground control point on Geo-referenced map • 
I (Vector Format) • 
• Step 3: Perform Registration • 
i  
Create Subset from Geocoded Image 
using PCI ImageWork 
Figure 3.4 Image Preprocessing 
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3.3 Landuse and Land Cover Classification 
An unsupervised classification is used in this study to map out land use or land 
cover in different year. An initial classification scheme is proposed (See Table 3.4) 
based on background information and overview observation of the study area. 
Table 3.4 Proposed Classification Scheme 
Class No. Class Name Description 
1 Man ov Low-lying intertidal coastal land with evergreen  
vegetation  
2 Reed bed Phragmites australis grow in low-lying wet place 
3 Woodland Land predominately covered by trees 
4 Grassland Land predominately covered by grasses 
5 Fish ond 八打 inland waterbody surrounded by bundle, used for the  
rearing of aquatic animals. Some of them are abandoned. 
6 River Linear inland water bodies 
7 Mudflat Soft soil situated at intertidal coastal region 
8 Sea Salty water bodies 
9 Barren land Denuded land without vegetation covers 
D .“ Any land, building or structure used predominately for 丄 u ouilt-up area " • “  human activities  
One of the common clustering methods, the I-means clustering algorithm 
(Duda and Hart, 1973), is applied in the present classification. This algorithm is based 
on the minimization of a performance index, which is defined as the sum of squared 
distances from all points in a cluster to the cluster centre. The iT-Means classification 
groups all the pixels in the image into a specified number of classes where each class 
contains a cluster of pixels with similar spectral characteristics. Once the image is 
classified, a posteriori labeling is used to assign these spectral classes to the 
information classes (Jensen, 1996). In this study, the total number of clusters is 
specified as 64 and 128 iterations are used for all images. Meanwhile, a bitmap mask 
is also incorporated in order to confine the classification area within the study area as 
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defined in previous chapter. Based on the classified clusters, initial class recognition 
is carried out and then labeled with a type of land cover or land use. Afterward, 
modification of classification scheme is taken because specified land cover or land 
use identified are not included in the original classification scheme (Table 3.5). 
Table 3.5 Modified Classification Scheme 
Class No. Class Name Description 
1 M Low-lying intertidal coastal land with evergreen  
vegetation  
W t1 d d Mixed vegetation covers located along edge of 
2 . wetland habitat, including mangrove, fishpond  
and reed beds  
3 Ri arian ve et ti n Mixed vegetation covers located along edge of  river  
4 Reed beds Phragmites australis grow in low-lying wet place 
5 Woodland Land predominately covered by trees 
6 Grassland Land predominately covered by grasses 
An inland waterbody surrounded by bundle, used 
7 Fishpond for the rearing of aquatic animals. Some of them  
are abandoned.  
8 Mudflat Soft soil situated at intertidal coastal region 
9 River Linear inland water bodies 
10 Sea Salty water bodies 
11 Bare land Denuded land without vegetation covers 
1 o D .1+ Any land, building or structure used 丄 z Jjuiit-up area i j ^ n ^ " . "  predominately tor human activities  
Of these classified clusters, grouping of some 足-means clusters can be done 
directly. However, different land covers or land uses may be mixed into a cluster, 
named “mixed cluster" due to the spectral overlapping such as river and fishpond. As 
elevation is one of the controlling factors in vegetation growth, Digital Elevation 
Model (DEM) is incorporated to solve confusion for discriminating different 
vegetation cover, especially for the classification of mangrove which is limited to a 
lower coastal plain (below 5m elevation) (Pope et al, 1994). Using Boolean operations 
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in Geographical Information System (GIS), individual cluster maybe overlaid with an 
elevation layer, extracted from DEM, in order to include an element in differentiating 
land cover or land use. For those “mixed clusters" which cannot be discriminated by 
the use of DEM, visual interpretation and manual subdivision are proved to produce a 
good result in thematic classification (Pickup, 1990). Furthermore, together with field 
observation and background information (historical data and literature review) on 
study area, specific land cover such as reed bed can be notified and labeled from a 
collection of clusters. Finally, "mixed clusters" can be subdivided into separate 
clusters, i.e. sub-clusters, with individual class label with reference to the above 
methods. According to the modified classification scheme, clusters with the same 
label of a land cover or land use is merged into single cluster. Afterward, accuracy 
assessment would be carried out. Procedures in land use and land cover classification 
are shown in Figure 3.5. 
In accuracy assessment, 256 sample points are randomly selected in which 
only those sample points within the study area would be used. For each sample point, 
classified land cover type is checked with the reference data which are the SPOT91, 
SPOT95 and SPOTOO. Then, an error matrix is generated which indicates the user's 
accuracy and producer's accuracy. 
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Figure 3.5 Procedures for Land use and Land cover Classification 
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3.4 Landscape Units Extraction 
Any landscape is formed from a basic landscape unit, i.e. a patch. Patch can be 
defined as a nonlinear surface area differing in appearance from its surroundings 
(Forman and Gordon, 1986). Patches with the same identity are then aggregated as a 
class, a higher level of landscape unit. Hence, class is a collection of patches which 
have the same identity. Different classes within the study area contribute to form a 
landscape, i.e. the highest level of landscape unit. This concept may affect the scale 
and scope of study and is illustrated in Figure 3.6. 
Patch 
H A contiguous group with nonlinear 
q surface area differing in 吞 
g appearance from its surroundinqs 3 C/3 ^ . . 
； 丄 力 + ^ i r on 1/3 I c/5 ^ 
I Class I m § ^ ^ ^ S 
g A collection of patches with the .S • ^ ^ ^ 
same identity within the landscape 铁 
5 boundary S 
A collection of classes that have ^ ：遷 
T the same significance within the 
landscape area 、 ^ ^ ^ 
Figure 3.6 Concepts on scale of analysis 
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Classification result produced in previous section is used to devise landscape-level 
analysis. Resultant classified images with all classes are stored in one database file as 
a single channel in PCI Geomatic file format. For class-level analysis, each class is 
transferred and stored as a single database file. This process can be achieved using III 
(Database to Database Image Transfer) function in the PCI Geomatic image 
processing system. 
Initially, no patch is defined for each class. In order to extract patches for each 
class, the function of Image Polygon Growing (IPG) in PCI Geomatic software is 
employed. Then contiguous groups with unique identity would be formed under an 8-
connected cell neighborhood, which means that eight adjacent cells with the same 
identity as the centered cell are grouped as a single patch. Afterward, a separate 
channel is created for each collection of patches and each patch is stored in an 
individual grey level as a label. Indeed, calculations of all landscape-level, class-level 
and patch-level landscape metrics are subject to this neighborhood relationship. 




Resultant Classified Image stored as 
Single Channel in One Database File Landscape-Level Analysis 
i  
III 
(Database to Database Image Transfer) 
i  
Each class in channel is 
transferred and stored as single Class-Level Analysis 
database file 
i  
IPG (Image Polygon Growing) 
Identifies contiguous groups of 8-connected 
pixels of the same input grey level and assigns 
a unique grey level as a label to each output 
raster polygon.  
Patches for Whole Study Area are Defined Patch-Level Analysis 
T  
^ Conversion of PCI File Format into 
ERDAS File (GIS) 
i  
Metrics Calculation 
Using APACK software 
Figure 3.7 Flow Chart of Landscape Unit Extraction 
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3.5 Landscape Metrics Identification and Extraction 
Most of the metrics are calculated automatically by APACK 2.17 analysis 
software (David and Barry, 2001). However, Geomatic File (PIX) for all levels of 
analysis must be converted into EDRAS file format (GIS) which is the compatible file 
format in APACK. APACK 2.17 is operated under a DOS environment and output 
files are produced as Text files and Spreadsheet files. 
In order to obtain information on an ecosystem in space, methods are needed 
to quantify aspects of spatial patterns. Some indices have been proposed on such 
phenomena and discussed in previous chapter. Information on landscape composition 
and configuration can be divided into five major categories: General information (area, 
density, edge metrics); Shape; Contagion/Interspersion; Connectivity and Diversity in 
which composition and configuration can be identified using different set of indices. 
Moreover, different levels of analysis will use different metrics in which some indices 
deal with patchy information and others are concerned with landscape or class 
information. Fifteen and seventeen metrics are employed in class-level and landscape-
level analysis for this study respectively. Although some indices of different levels 
represent the same fundamental information, the algorithms differ slightly. Basically, 
elementary data such as patch area and patch perimeter are extracted and used to 
calculate landscape metrics of different level analysis. 
For further metrics calculation, patch area and perimeter (First-order statistic) 
and Fractal Dimension Index (FDI) and Square-Pixel (SqP) (Second-order statistic) 
are used to obtain the patch shape information. Computation formulae are described 
in Table 3.4. At class level and landscape level, indices concerning background 
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information are computed in order to obtain general characteristics for each attribute 
class and overall landscape features. Meanwhile, diversity indices which are used to 
measure landscape structure, i.e. landscape composition, are also used. Besides, 
metrics of shape which show a number of important ecological processes and 
contagion metrics that belong to the aspect of landscape configuration are computed 
for all classes and landscape as a whole. On the other hand, metrics of connectivity 
between attribute patches are shared as valuable information on fragmentation and 
isolation of focal class. The details on the metrics used and calculation method are 
listed in Table 3.6-3.11. 
Table 3.6 Metrics used in Patch-level analysis  
Metrics | Calculation Method  
Patch Area | ay 
i 
： 
Patch Perimeter | pij 
Fractal Dimension Index | pDI = 凡)•) 
(FDI) 一 ^ ^ 
Square-Pixel (SqP) 匆= 1 - (4 x 
h  
Note: pij 二 perimeter (m) of patch j of class i and 
dij = area (m^) of patch j of class i 
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Table 3.7 Metrics of General Information for Class and Landscape level  
H . I Calculation Method Metrics ! Class Level Landscape Level 
Composition 
I TPi \ 
Absolute area (AA) | ^a . j I A 
7=1 i 
TPi 'I 
1 I / a： I Relative area (RA) | | Nil 
I A I 
I TPi m TPi 
I y g.. 〉 y a.. Average patch area: (m ) (APA) I 片“ m 片“ 
I TP, TP 
Configuration 
i m 
Total Number of Patch | TPi I Z=1 
丑 Ytp. 
Patch Density (PD) A. ^ ‘ 
I A 
TPi I 
Total Perimeters (m) ^ Py \ ^ p^  
y=i I 
TPi I 
Y ^ P i j I l ^ p y 
Average Patch Perimeters J^—— I ^ 
TPi \ ^TP, 
I 1 i=\ 
Note: aij = area of patch j of class i (m^); 
TPi= total number of patches of class i; TP = total number of patches for landscape; 
pij = perimeter of patch j of class i (m); Total Landscape Area (m^); Ai= Class Area 
and m = number of classes  
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Table 3.8 Diversity Metrics for Landscape level (Composition)  
Metrics ； Calculation Methods 
Shannon-Weaver Diversity (SWD) ； m 
\ - [ A x l n O , ) 
…一 … ； / = 1 Simpson's Diversity Index (SID) : ^ 
I l -Z凡2 
… I /=1 
Dominance : � w “ 
1 Inm ^^AxlnOz) 
； L /=i _ Relative Dominance : ^ 
I - Z ^ x l n / ^ : 1 ^  
I I n m  Note: m = number of classes present in landscape pi = proportion of landscape occupied by class i  
Table 3.9 Shape Metrics for Class level and Landscape Level (Configuration)  
Calculation Method Metrics ; , Class Level Landscape Level 
" S ^ I W L ~ 
Average Square-pixel (ASqP) 片 | tP 
TP, I 
Average Fractal Dimension Index 
(AFDI) i TP 
TP, \ 
Fractal (double log) dimension Twice the log-log regression of patch perimeters versus 
(unitless) patch areas  
Note: TPi = total number of patches of class i; and TP = total number of patches for the whole 
landscape  
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Table 3.10 Contagion/Interspersion Metrics and Connectivity Metrics for Class level 
Metrics | Calculation Method 
i / \ 
Percentage of Like Adjacencies | g,/ 
(PLADJ) ^ � 7 
/ . Sik 
I V k=\ y 
Note: gii = number of like adjacencies between pixels of patch type i based on the double-count 
method; 
gik = number of adjacencies between pixels of patch types i and k based on double-count 
method; and 
1 「（ \ / 
l - y I n - ^ 
1 ^^ m m Interspersion and Juxtaposition i V ^ V ^ 
i ^ ik ik 
_ 1 J U^i ；」(刚)where I \n{m — 1) 
jcik = total length of edge in landscape between class i and k 
jm = number of classes I Max{ay) Largest Patch Index (LPI) I where Ai = Area of Class i 
I 4 Connectivity 
I f Total Total \ 
I patches-! Patches 
I ^ ^^Interaction between patch i and patch j 
I /=1 j=i+\ Centroid connectivity of each i ^ )— 
class： (unitless) | Total Interactions 
jwhere patch interaction 
1= {Mass of patch i) x {Mass of patch j) 
\ {Centroids DISTANCE between patchesf 
I f Total Total \ 
I patchesPatches 
I ^ I Interaction between patch i and patch j I (=1 y=;+i 
j V J_ Circular connectivity of each class: I Total Interactions 
(unitless) i I where patch interaction 
i = {Mass of patch i) x {Mass of patch j) 
I {Edge to Edge DISTANCE between patchesf 
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Table 3.11 Contagion and Interspersion Metrics For Landscape Level  
Metrics | Calculation Methods  
I r total total 一 
I classes classes 
I - Z Z 巧 x l n ( g " ) 
Relative Contagion (RCOTAG) | 1 
I 2 X ln(Classes Present) 
\ 厂/^p � /^ p VI 
Interspersion and Juxtaposition i - H In 
(IJI) I '一 i L r � 、力 ( 1 0 0 ) 
I l n (0 .5 [_ -1 ) ] ) 
Largest Patch Index (LPI) I Max(a.j) I A  
Note 
gii = number of like adjacencies between pixels of class i 
gij = number of adjacencies between pixels of class i and class k 
E = total length of edge in landscape 
m = number of classes present 
eik= total length of edge between class i and class j 
pi = proportion of class i 
A = Landscape Area and aj,- = area of patch ij 
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3.6 Disturbance Level Identification and Extraction 
Disturbance is regarded as an anthropogenic activity which causes adverse 
impact to the environment and hence changes in landscape structure such as area and 
shape are expected. Human impact is quantified by the distance from and amount of 
man-made features, including roads and buildings which were classified as built-up 
area from satellite images during land use and land cover classification. In patches of 
focal classes (Appendix II) including mangrove, reed bed, fishpond and mudflat, 
defined in previous chapter, those which are situated closer to features, the degree of 
disturbance is higher than in those which are away from such features (Liu and 
Cameron, 2001). In computation, distance from classified man-made features is 
created by Proximity Analysis (PRX) in PCI Geomatic version 7.0. Figure 3.8 shows 
procedures for this analysis. Reclassification is carried out in order to classify the 
distance into 6 groups with 20-m intervals i.e. 20-m, 40-m, 60-m, 80-m, 100-m and > 
100-m. Then six buffers with distance from 20m to >100m away from man-made 
features are constructed by ESRI Arcview GIS software 3.2. Overlaid the 6 
disturbance rings with the entire landscape and each focal class, amount of 
proportional area and absolute area with different disturbance levels can be 
determined. 
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Calculates proximities to a given class 
or classes within an image 
i  
Reclassification 
Into 6 Buffer areas 
(20m, 40m，60m, 80m, 100m and >100m) 
i  
Entire Landscape and 
Each Class from ^ Overlay 
Classified Image 
i  
Disturbance Level Assignment 
According to amount of area falling within buffer areas, table 
showing absolute area and proportional area with different 
level of disturbance would be generated 
Figure 3.8 Procedure of Disturbance Level Analysis 
3.7 Inter-Classes and Temporal Comparison of Class-based and Landscape-
based metrics 
For each landscape in years 2000, 1995 and 1991, general landscape 
characterization and focal classes comparison based on descriptive statistics of class-
based metrics are carried out. Then implications on ecological condition of landscape 
ecology and focal classes at a certain time can be found. Landscape dynamic can also 
be determined. Temporal comparison of landscape-based metrics are then conducted 
based on three concentration areas: general information, shape, contagion and 
diversity. The same approach is adopted in dealing with temporal comparison of 
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class-based metrics. However, concentration lies on aspects of general information, 
shape, contagion and connectivity, and diversity. Post-classification is also carried out. 
Classified result in 1991 is overlaid with classified result in 2000. Then a cross-
tabulation for the landscape between 1991 and 2000, ten years interval, is generated in 
order to obtain information on changes in land cover and land use for the landscape. 
3.8 Summary 
Landscape metrics are the major source of information on landscape and focal 
classes. Remote sensing data provides valuable and numerous data in calculating 
landscape metrics at patch, class and landscape-levels. 
The remotely sensed data used in this study are three SPOT HRV satellite 
images taken in 1991, 1995 and 2000�After geometric corrections, errors can be 
minimized. Land cover and land use classification are carried out on the satellite 
image initially to create the secondary unit in landscape analysis, i.e. class. Afterward, 
The primary unit, patch, is formed based on an 8-connected cell neighborhood on the 
classified result. Finally, calculation of landscape metrics is processed in order to 
obtain information on landscape ecology. Using the descriptive approach, different 
levels of metrics can be compared temporally. 
In order to obtain disturbance information on the landscape, GIS overlay 
operation would be done. Different disturbance levels would be cross-tabulated with 
the landscape. 
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CHAPTER FOUR LAND COVER CLASSIFICATION RESULT 
4.1 Introduction 
Determining the status and trends in landscapes pattern can be useflil for 
understanding the overall condition of ecological resources (Urban et al, 1987). 
Converting spectral properties from satellite imagery into thematic information has 
been proven as an effective analytical tool in landscape ecology study. Since the basic 
operation of landscape ecology study is land cover classification, the objective of this 
chapter is to describe and illustrate the result of land cover classification and its 
spatial and temporal changes. 
4.2 Clustering Result 
Generally, each SPOT multispectral image has 3 spectral bands, namely 
XSl (Green), XS2 (Red) and XS3 (Near-Infrared) that provide baseline information 
in defining land cover types (Turner el al, 2001). Using the ^-means clustering 
algorithm in unsupervised classification, 64 clusters are specified arbitrarily and 
pixels are grouped according to their spectral properties. Clustering results are 
summarized in Table 4.1. 
Table 4.1 Summary of Clustering Result 
Satellite Images Type of Clusters 
SP0T91 SPOT95 SPOTOO 
Null Clusters 7 0 8 
Distinct Clusters 7 39 20 
Mixed Clusters 50 25 36 
Specified Clusters 64 64 64 
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With respect to Table 4.1, the resultant clusters can be divided into three 
types: Null Clusters, Distinct Clusters and Mixed Clusters. Null clusters represented 
that clusters did not contain any information i.e. clusters without any pixel. Distinct 
clusters meant that there was a clear and discrete grouping of pixels into one single 
class. Mixed clusters described cluster with a mixture of more than one class. For 
those distinct clusters, seven, thirty-nine and twenty clusters can be directly assigned 
or merged to specific classes for SP0T91, SPOT95 and SPOTOO respectively. 
Generally, most of these clusters belonged to built-up area (Table 4.2). Because of 
spectral similarity for certain classes, as discussed in Chapter Three, mixed clusters 
are produced during classification which required further procedures of data 
processing. 
Table 4.2 Summary of Distinct Clusters 
！ Number of Distinct Clusters Assigned Class \ 
I SPOT91 SPOT95 SPOTOO I ! Grassland | 0 0 3 
Woodland | 0 0 1 
\ Built-up Area | 7 39 15 
Bareland | 0 0 1 
Total I 7 ^ ^ 
I 
Referring to the methodology of cluster subdivision discussed in Chapter 
Three, mixed clusters are subdivided into certain sub-clusters with individual class 
label. Referring to Table 4.1, while most of the clusters are mixed clusters (50 out of 
64 for SPOT91, 25 out of 64 for SPOT95 and 36 out of 64 for SPOTOO), their 
corresponding classes are different from those of the distinct clusters. In other words, 
sub-clusters contributed to class formation. As summarized in Table 4.3, the focal 
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classes i.e. mangrove, reed bed and fishpond are represented by several sub-clusters. 
For mangrove, seven, eight and five sub-clusters are formed in SP0T91, SPOT95 and 
SPOTOO respectively. For the man-made wetland (fishpond), ten, ten and eight sub-
clusters merged into a class for SP0T91, SPOT95 and SPOTOO respectively. For the 
natural filter, reed bed, only one, two and three sub-clusters are combined into an 
individual group for the satellite images of SPOT91, SPOT95 and SPOTOO 
respectively. 
Table 4.3 Summary of Number of Sub-Clusters Contributed to Different Classes 
Number of Sub-Clusters 
Class SPOT91 �S P O T 9 5 �""“SPOTOO � 
Mangrove � 7 8 5 
Wetland Edge Vegetation 4 5 5 
Riparian Vegetation 3 2 6 
Reed Bed � 1 2 3 
Woodland 5 4 6 
Grassland 2 5 7 
Fishpond � 10 10 8 
Mudflat 18 6 3 
River 9 9 8 
Sea 3 2 5 
Bareland 34 15 12 
Build-up 37 56 56 
� SPOT91 represents SPOT image taken in 1991; SPOT95 represents SPOT image 
taken in 1995; & SPOTOO represents SPOT image taken in 2000. 
� Classes in bold letter are the focal classes in this study. 
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From Table 4.2, it showed that built-up area is contributed from distinct 
cluster because of its unique reflectance characteristics. Meanwhile, it is also 
contributed from a large number of sub-clusters divided from mixed clusters (Table 
4.3). While mangrove is totally associated with mixed clusters, it is mixed with 
woodland and grassland. Difficulties in mangrove delineation are encountered. Hence, 
post-classification sorting is applied. Pixels of mangrove class are sorted with the aid 
of a DEM. Only those pixels with an elevation of less than 5m is identified as 
mangrove. Similarly, fishponds are recognized from mixed clusters. Usually, 
fishponds are mixed with rivers which required visual interpretation to define 
fishponds location. Spectral characteristics of reed bed are similar to grassland which 
requires a DEM to separate the location of reed bed and grassland. As reed bed 
obligates high water table, those mixed clusters can be masked out using a bitmap 
derived from the DEM with an elevation of less than 5m. 
4.3 Land cover classification results 
According to the classification scheme (Table 3.5), clusters are modified and 
grouped into twelve classes. Using classification results from SPOT images, land use 
composition, which is a non-spatially-explicit characteristic (Forman and Gordon, 
1986), can be known whereas "change", the alteration in structure and function of the 
ecological mosaic through time (Forman and Gordon, 1986), can be seen. 
The total area of the study site is 35,386,400 square meters (approximately 
354 hectares). According to Table 3.5, landscape area is classified into 12 land covers. 
Figure 4.1 and Table 4.4 illustrated the result of land cover classification which 





























































































































































































































































































































































































































































































































































































































data in 1991, 1995 and 2000. Nearly all the land covers constituted more than 1% of 
the landscape, except Riparian Vegetation which just occupied 0.3%, 0.5% and 0.8% 
in 1991, 1995 and 2000 respectively. 
Spatially, Figures 4.2 — 4.4 displayed the result of land cover classification in 
1991, 1995 and 2000 respectively. In these figures, mangrove (red) and mudflat 
(brown) were surrounded by fishponds (blue) and then by built-up area (black). With 
the previously establishment of SSSI, buffer zone I and II, conservation of mangrove 
stands and mudflat in Deep Bay Area has been implemented. Evolved to present land 
use policy for Deep Bay Area, only low-density development is allowed in wetland 
buffer area and no development was approved in wetland conservation area. The 
planning intention of these policies was obvious from the figures in which mangrove 
and mudflat territories could be maintained. 
z I I Wetland Edge Vegetation 
；I River 




— f River 




^ ^ ^ ^ H Fishpond 
I River 
Figure 4.4 Land cover classification Result from SPOTOO U==J, 
I Bareland 
m Built-up Area 
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With respect to specific classes, fishponds dominated the landscape, 
occupying 30.1%, 25.1% and 22.2% of total landscape area in 1991, 1995 and 2000 
respectively (Table 4.4 and Figure 4.1). Table 4.4 and Figure 4.5 showed that it 
experienced a continuous decrease in absolute area and proportion of total landscape 
area. A decrease of 7.9%, approximately 28 hectares, in fishpond area was recorded 
from 1991 to 2000. Meanwhile, a 4.9% decrease was found from 1991 to 1995 
whereas a decrease of 2.9% further reduced the proportion of fishponds from 1995 to 
2000 (Figure 4.5). 
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Figure 4.5 Proportion of Fishpond from 1991 to 2000 
With respect to mangrove stands, not more that 10% of total landscape area 
was classified as mangrove in 1991 and 1995. With the ten-year interval comparison, 
the proportion of mangrove increased from 9.4% in 1991 to 10.9% in 2000, i.e. an 
addition of 5 hectares of mangrove (Figure 4.6 and Table 4.4). 
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Figure 4.6 Proportion of Mangrove from 1991 to 2000 
For the class of reed bed, it did not yield a high percentage in the proportion of 
total landscape area though it served as an important element in wetland ecology 
(WWF, 1995). From Table 4.4, the proportion of reed bed only constituted a small 
proportion of total landscape area. Figure 4.7 indicated that proportion of reed bed 
increased from 3.9 % to 6% from 1991 to 2000. However, it experienced a decrease 
from 1991 to 1995. 
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Figure 4.7 Proportion of Reed Bed from 1991 to 2000 
72 
While mudflat was an important component of natural wetland, its change had 
to be carefully examined. For the ten-year interval, a 4.1% increase was found. 
Specifically, 5.1% of total area was classified as mudflat in 1991 while 10.2% of total 
area was found to be mudflat five years later in 1995. However, its proportion 
decreased to 9.2% in 2000 (Figure 4.8). 
i 二 i 
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Mudflat] 1991 1995 2000 Year 
Figure 4.8 Proportion of Mudflat from 1991 to 2000 
With reference to Figure 4.1 and Table 4.4, built-up area (11.1%) and bareland 
(11.2%) together contributed 22.3% of total landscape area in 1991. This proportion 
remained at 22.2% in 1995, about 78 hectares. But built-up area increased to 15% and 
bareland decreased to 7.2%. In 2000, 14.6% was classified as built-up area whereas 
the proportion of bareland reduced to 2.9%, leading to a decrease in the total urban 
land to 17.5%. For built-up area, the proportion of total landscape area increased from 
11.1% in 1991 to 14.6% in 2000 showing an increase in dominance in the landscape. 
On the other hand, the proportion of bareland from 1991 to 2000 showed a decrease in 
area and hence its degree of domination also reduced. Temporal change of bareland 
and built-up area was summarized in Figure 4.9. 
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Figure 4.9 Proportions of Bareland and Built-up Area from 1991 to 2000 
As summarized in Table 4.4 and Figure 4.10, the proportion of woodland 
showed a decrease from 8.5% in 1991 to 5.1% in 2000. Meanwhile, grassland 
occupied 3.1% of total landscape area in 1991 and increased to 11.3% in 2000. For the 
other land cover i.e. wetland edge vegetation, riparian vegetation and river, they did 
not constitute a large proportion in total landscape area but all of them showed 
increases in proportion from 1991 to 2000. 
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Figure 4.10 Proportions of Wetland Edge Vegetation, Riparian Vegetation, 
Woodland, Grassland and River from 1991 to 2000 
While aspatial description provided baseline information about the landscape 
classes, spatial configuration offered visual information with the aid of GIS. 
Distribution of focal classes, namely the mangrove stands, reed bed, fishponds and 
mudflat could be examined in more details. Referring to Figures 4.11 to 4.13, most of 
mangrove stands were found in Inner Deep Bay whereas the largest cluster was 
identified in the Mai Po Conservation Area. Demonstrating efforts of conservation, 
mangrove stands were mainly situated in the area with the highest protection i.e. 
WCA. On the other hand, the construction of fishpond and Gei Wais physically 
hindered the dispersal process of mangrove and hence only seaward extension 
dominated. Hence, the expansion of mangrove stands from 1991 to 2000 was similar 
to the result from Duke (1999) which clearly demonstrated that 50 years of seaward 
expansion of the mangrove fringe beyond the Gei Wai bund wall. On the other hand, 
mangrove stands near Shan Bei River disappeared from 1995 onwards which may be 
caused by river engineering. 
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/ Legend 
K Y：!^ ^ 2 I • • RAMSAR 
夕 目 � a 
^ H Mangrove 
Figure 4.11 Mangrove Class in 1991 (SP0T91) 
( \ S I • • RAMSAR 
\ f ^ l • Study Area 
^ H Mangrove 
Figure 4.12 Mangrove Class in 1995 (SPOT95) 
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夕 目 � a 
Mangrove 
Figure 4.13 Mangrove class in 2000 (SPOTOO) 
In 1991, a large number of fishponds could be found in Buffer Zone 2 where 
only low-density development was approved. However, increased development 
pressure also produced pressure on fishponds area, showing a decrease in proportional 
area. While the study on ecological value of fishponds was completed in 1997 
(Planning Department HKSAR, 1997a), the unique international and regional 
importance of fishponds system was confirmed. Hence, from 1997 onwards, large 
scale of development could be controlled under planning policy with the aids of WBA 
and WCA. Consequently, fishponds could be better conserved which surrounded 
natural wetland (Figures 4.14 - 4.16). However, proportional area decreased, 
especially for the fishponds beyond the boundary of the Ramsar sites. Fishponds near 
Shan Bei river disappeared because of river engineering from 1995 onwards. 
Comparing Figure 4.15 with Figure 4.16, further lost of fishponds could be notified 
near Nam Sang Wai. 
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Fishpond 
Figure 4.14 Fishpond in 1991 (SP0T91) 
' • Fishpond 
Figure 4.15 Fishpond in 1995 (SPOT95) 
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m i Fishpond 
Figure 4.16 Fishpond in 2000 (SPOTOO) 
With reference to Figures 4.17 to 4.19, reed bed could be found mainly in the 
i k V / • r a m s a r 
\ > / I ~ I study Area 
曰 二 
I I Reed Bed 
Figure 4.17 Reed bed in 1991 (SP0T91) 
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gei wai of Mai Po. As high water table might facilitate the growth of reed bed, reed 
bed was also found in area with low elevation where there were fishpond and gei wai 
nearby. In Figure 4.19, reed bed growth was concentrated in gei wais while its 
proportional area increased from 3.9%in 1995 to 6% in 2000. 
/ S ' r a m s a r 
- r i / I I Reed Bed 
Figure 4.18 Reed bed in 1995 (SPOT95) 
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Figure 4.19 Reed bed in 2000 (SPOTOO) 
Inter-tidal mudflat was defined as a core area in the Ramsar site and its 
distribution from 1991 to 2000 was shown in Figures 4.20 4.22. From Table 4.4 and 
Figure 4.8, increasing trend in area of mudflat was notified (5.1% in 1991 to 9.2% in 
2000). It could be visualized in Figure 4.20 —  4.22 which also indicated a seaward 
expansion of the outer boundary of mudflat. Meanwhile, seaward movement of inner 
boundary of mudflat was located. Indeed, seaward diffusion of outer boundary might 
be affected by the tidal height at the time when satellite images were taken. However, 
there was insufficient tidal information from Hong Kong observatory from which tidal 
information was not available in 1991. 
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I I Mudflat 
Figure 4.20 Mudflat in 1991 (SP0T91) 
I . — I I Mudflat 
Figure 4.21 Mudflat in 1995 (SPOT95) 
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H • S t u d y Area 
i Mudflat 
Figure 4.22 Mudflat in 2000 (SPOTOO) 
4.4 Accuracy Assessment 
While land use classification was presented, accuracy assessment was used to 
verify the classification result. 256 random sample points were generated whereas 125, 
122 and 125 sample points were found within study area in 1991, 1995 and 2000 
respectively. Table 4.5 summarized user's accuracy of the classified results in 1991, 
1995 and 2000. 
From the below statistics (Table 4.5), classified results of mangrove, fishpond 
and mudflat (focal classes) provided satisfactory level of accuracy while the user 
accuracy of these focal classes was around 80%. On the other hand, user's accuracy of 
built-up class was over 70%. However, the user's accuracy for reed bed provided 
unsatisfactory result. Indeed, limited sample points on reed bed class would affect the 
result of accuracy assessment. Since there is no perfect land cover classification result, 
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classification errors should be taken into consideration in the analysis. 
Table 4.5 Accuracy Assessment of the classified results in 1991, 1995 and 2000 
Classes Mangrove Reed bed Fishpond Mudflat Built-up Overall  r Accuracy 
User's Accuracy 100% 43% 80% 80% 75% � 
Producer's Accuracy 69% 75% 85% 80% 92% e 
Number of Points 9 7 44 5 16 125 
1995 
User's Accuracy 78% 0% 79% 92% 79% 
1 62% Producer's Accuracy 77% 0% 81% 70% 68% 
Number of Points 9 1 33 13 19 122 
2000 
User's Accuracy 75% 50% 76% 100% 87% 游 
Producer's Accuracy 90% 42% 90% 69% 65% � 
Number of Points 12 6 M 9 15 125 
4.5 Implication from land covers change 
Apart from the above temporal descriptive comparison, cross tabulation 
analysis for the landscape in 1991 and 2000 was also carried out in order to obtain 
information about local landscape change. Using the tabulated data, statistics 
concerning the unchanged area, area gained from other classes and area lost to other 
classes could be shown. Referring to Table 4.6, off-diagonal row data showed the area 
lost to other classes since 1991 and off-diagonal columns data displayed the area 
gained from other classes since 1991. With this analysis, the nature of changes and 
succession direction might be examined and identified. 
4.5.1 Mangrove Changes 
As discussed in Chapter 2, mangrove played a vital role in wetland ecology as 
a primary producer (Morton, 1983; WWF, 1995). Therefore, a change in the total 
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amount of mangrove stands might imply an alternation in the function and importance 
of the wetland. An increase in proportion for mangrove stand implied an increase in 
food source to support the ecology of wetland. 
Using the result classified from SP0T91 and SPOTOO, around 60% of 
mangrove in 2000 was previously classified as mangrove in 1991. With reference to 
off-diagonal row elements in Table 4.6, 4 hectares and 3 hectares of mangrove stands 
in 1991 has been classified as reed bed and fishpond in 2000 respectively. The above 
changes were shown in Figure 4.23 and 4.24. From 1990 onwards, termination of the 
operation of gei wais in Mai Po Marshes may raise the water table and prohibit regime 
change in water table. Hence, reed grass invaded and substituted mangrove stands in 
Mai Po. Similarly, fishpond water also replaced mangrove stands. 
On the other hand, referring to off-diagonal columns data in Table 4.6, 
844,000m2 of vegetation changed to mangrove in 2000. Theoretically, accumulation of 
mudflat sediment may favor a secure foundation of seedbed for mangrove. Hence, 
colonization of mangrove toward mudflat can be enhanced. With respect to the 
location shown in Figure 4.25, the seaward growth of mangrove stands could once 
again be proven. Acting as seedbed, mudflat may facilitate the growth of seedling of 
mangrove. Comparing with Figure 4.8, the area classified as mudflat is increasing and 





































































































































































































































































































































































































































































































































































\ r ^ I • Study Area 
曰二 
I I Reed Bed 
Figure 4.23 Area of Reed Bed in 2000 previously classified by Mangrove 
> / C J study Area 
K . ^ ' ^ y ^ J Fishpond 
Figure 4.24 Area of Fishponds in 2000 previously classified by Mangrove 
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mMW 
目 � a 
HHH Mangrove 
Figure 4.25 Area of Mangrove in 2000 previously occupied by mudflat 
Figure 4.26 demonstrated the area of mangrove remained unchanged during 
‘ ^^^fJ 目『• 
1 ^ i J I H i t t l Mangrove 
Figure 4.26 Area of Mangrove remain unchanged 
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the 10 year interval. As described before, 59.8% of mangrove in 1991 has not been 
changed. Nearly all of mangrove remain unchanged are located within the Ramsar site, 
especially for the mangrove clustering at Mai Po. 
4.5.2 Encroachment of Built-up area 
Conflict between ecological conservation and urban development is not a 
surprise as land supply in Hong Kong is limited. After the introduction of 
conservation strategies such as SSSI before 1995, WCA and WBA after 1995, human 
activities are controlled through land use policy. While cultural disturbance is 
considered as disturbance causing significant long-term changes in landscape 
(Friedman and Zube, 1992), understanding urban land cover succession may offer 
comprehensive information on potential stress on the landscape. 
From Table 4.6, 70% of built-up area remained unchanged during the 10 years 
interval from 1991 to 2000. Referring to Figure 4.27, unchanged built-up area were 
commonly located outside the Ramsar sites and within WBA i.e. Fairview Park in 
Mai Po, highway in Lok Ma Chau, Industrial Estate in Yuen Long. However, those 
areas might act as potential stressor towards the protected area. 
With reference to Table 4.4 and Figure 4.9, built-up area had increased from 
3869200m^ in 1991 to 5178000m^in 2000. For off-diagonal columns elements in 
Table 4.6, degradation of landscape could be identified. About 464400m of fishponds 
were converted to built-up area from 1991 to 2000 (Figure 4.28). As fishponds had 
been proven as an ecological valuable component (Planning Department HKSAR, 
1997), converting them into built-up area implied a degradation of wetland ecology. 
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Indeed, those fishponds only scattered within WBA in which low level of 
development is allowed. Hence, integrity of fishponds inside WCA might not be 
affected but potential disturbance existed. 
AM 一 
I ( I I RAMSAR 
V ^ • study Area 
\ Y ~ WBA 
) 二 - 1 ^ ^ Built-up Area 
Figure 4.27 Built-up area in 2000 previously occupied by fishponds 
On the other hand, 25.59% of total built-up area in 2000 was previously 
classified as bareland. Around 13 hectares was converted. Figure 4.28 showed the 
location of that area where mainly concentrated within WBA. Specifically, a large 
patch of construction site in Tin Shui Wai was recognized as bareland in 1991 was 
converted to urban land in 2000. This changes showed the process of new town 
development in Hong Kong. Since large proportion of built-up area in 2000 was 
contributed by bareland, it did not induce incremental disturbance towards WCA. 
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Vj r Built-up Area 
Figure 4.28 Built-up area in 2000 previously occupied by bareland 
4.6 Summary 
Land cover classification is the first procedure in landscape ecology analysis. 
Indeed, it provides valuable information of landscape classes as well as temporal 
change and spatial changes. With the aid of GIS, cross-tabulation analysis can be 
carried out in order to understand the dynamic of land cover change specifically. 
Land cover classification result in 1991, 1995 and 2000 were summarized in 
Table 4.4 and Figure 4.1. Accuracy Assessment was used to verify the classified result 
and summarized in Table 4.5. Cross-tabulation analysis also was concluded in Table 
4.6. 
Fishpond was found to be the dominant land cover of the landscape in 1991, 
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1995 and 2000, even though its proportion showed a decreasing trend. Spatially, it 
was mainly located at the Buffer Zone 2(before 1995) or WCA (after 1995) and 
functioned as a barrier for external disturbance. Some of the fishponds in WBA, 
however, were invaded by built-up area after 1991. 
There was a slight increase in the proportion of mangrove. Additional 
mangrove stands might enhance the quality of wetland ecology as primary production 
increased. Seaward expansion of mangrove was also identified and colonized on area 
of mudflat. Protection from land use policy encouraged 59.98% of mangrove remain 
unchanged which is commonly located at Mai Po Marshes. Loss of mangrove may be 
related from reedgrass invasion and termination of fishpond and gei wais. However, it 
did not show a decreasing trend as mudflat provided a seed bed of mangrove seedling. 
With respect to Ramsar sites, mangrove stands are conserved and expanded its 
territory. However, quality of landscape ecology depends not only on composition, 
but also configuration. Hence, landscape metrics for mangrove class should be taken 
into consideration, which will be discussed in Chapter Five. 
Reed bed is not a major component in study area. Indeed, an increase in the 
amount of reed bed might not imply an enhanced quality in wetland ecology. 
Mudflat is delineated as core area in Ramsar site. Its proportion shows an 
increase from 5.1% to 9.2% and its extent expand seaward (Figure 4.20 - 4.22). In 
fact, tidal height may affect the amount of mudflat exposed during the acquisition of 
satellite images. However, information of tidal height in 1991 was not available and 
hence the result of increasing proportion of mudflat was subject to verification. 
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However, area classified as mudflat was at least 9.2% of total landscape area i.e. 
3242000ml 
Human activities were represented by built-up area which showed an increase 
in proportion from 11.1% to 14.6%. Compared with focal classes, increased 
proportion of built-up area was larger than that of the increased proportion of focal 
classes (1.5% in mangrove, 2.1% in reed bed, -7.9% in fishpond and 4.1% in mudflat). 
However, urbanized area encroachment did not take place at the expense of mangrove, 
reed bed and mudflat area. It was only obvious for fishpond area. Spatially, potentially 
stressors are located at Tin Shui Wai and Fairview Park. 
All in all, focal classes do not experience a great change from 1991 to 2000. It 
may be caused by the introduction of conservation policy in different years (SSSI, 
WCA and WBA), which protect the Ramsar site effectively in terms of quantity. 
However, further analysis using landscape metrics is required in order to obtain 
information on quality of landscape. 
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CHAPTER FIVE LANDSCAPE METRIC ANALYSIS 
5.1 Introduction 
After the discussion of landscape classification and changes in the previous 
chapter, the analysis of landscape metrics would be discussed in this chapter to further 
investigate the landscape composition and configuration pattern. Changes in many 
important ecological processes were accompanied with land-use changes (Turner, 
1990). Determining the status and trend in the pattern of landscapes could be useful 
for a better understanding of the overall condition of ecological resources (Urban et al, 
1987). Similarly, land use changes from 1991 to 2000 in the Mai Po Ramsar site 
might generate alteration in ecological processes. As configuration related to spatially 
explicit characteristics of land cover types in a given landscape (Leitao and Ahem, 
2002), it provided further hints on the dynamic of landscape processes. 
Generally, landscape metrics were used to provide additional information to 
quantify landscape structure in terms of landscape configuration and landscape 
composition (Herzog et al, 2001). With the aids of APACK, ESRI Arcview and PCI 
Geomatics, three types of results were produced from landscape metrics i.e. general 
information, shape, contagion and diversity. Meanwhile, disturbance levels analysis, 
as described in Chapter Three (Figure 3.8) was also presented. All in all, these 
findings were acquired and presented with two perspectives: landscape and class. 
5.2 Landscape perspective analysis 
Landscape was the highest level of landscape unit which represented a 
collection of classes. As the analysis was based on the entire landscape, it provided an 
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overall and general understanding of the landscape which was also the coarsest among 
the three perspectives. Seventeen landscape metrics were used in the assessment for 
temporal comparison. 
5.2.1 Area, Density and Edge 
Table 5.1 presented the general information (First-order statistic) of landscape 
from 1991 to 2000. As there was no change in study area, absolute area remained 
unchanged and provided a better interpretation for the metrics. For average patch area, 
it showed a decreasing trend (7,871m^in 1991, 7,871m^in 1995 and 5,565m^ in 2000) 
indicating that the patches were getting smaller in size. Meanwhile, the variability of 
patch size was large which was presented by large coefficients of variation (1200% in 
1991, 1066% in 1995 and 1128% in 2000)�In contrast, total number of patch changed 
from 4,496 in 1991 to 6,359 in 2000 (Table 5.1), Hence, patch density also changed 
from 127.05 per 100 hectares in 1991 to 179.70 per hectares in 2000 accordingly. 
Only if the increasing total number of patches and decreasing average patch size was 
considered, it indicated a simple but significant situation i.e. an increasing trend of 
fragmentation. 
On the other hand, total perimeter also changed from 1598160m to 2117320m. 
(Table 5.1). Based on the above metric, an increasing trend for irregular patch shape 
was found if there was no change in number of patch. However, in this study, patch 
numbers increased (Table 5.1) which led to an increase in the perimeter directly. 
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Table 5.1 General Information of Landscape in 1991, 1995 and 2000 
Landscape Metrics 1991 1995 2000 
Absolute area: (sq. m) 35,386,400 35,386,400 35,386,400 
Average patch area: (sq. m) 7,871 7,078 5,565 
Coefficient of Variation (%) 1,200 1,066 1,128 
Total Number of Patch 4,496 4,591 6,359 
Patch Density (per 100 hectares) 127.05 129.74 179.70 
Total Perimeters: (m) 1,598,160 1,773,120 2,117,320 
Average Patch Perimeters (m) 355.463 386.217 332.964 
Figures 5.1 to 5.3 presented patch size and area distribution from 1991 to 2000. 
Smaller patches (100 - 500 m^) accounted for 44% in 1991, 40% in 1995 and 47% in 
2000 of total number of patches though they only comprised 2% to 3% of total 
landscape area. On the other hand, large patches of sizes greater than 10000 only 
constituted 4.31%, 6.37% and 3.96% of total patch number in 1991, 1995 and 2000 
respectively. However, they dominated around 85%, 83% and 79% of the landscape 
area in 1991, 1995 and 2000 respectively. 
From the patch size distribution, a large coefficient of variation was expected. 
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While patches size smaller than 5000m constituted more than 80% of the total patch 
number, average patch area in all three years were greater than 5000. From the above 
findings, landscape configuration would be interpreted as being characterized by the 
dominance of large patches together with numerous small patches. 
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5.2.2 Fractal Dimension and Shape Indices 
In measuring patch shape or complexity (second-order statistic), several 
metrics were used to quantify the landscape in 1991, 1995 and 2000 and the result 
was summarized in Table 5.2. 
Table 5.2 Differences of Fractal Dimension and Shape indices (Landscape perspective) 
10 Year Intervals 
Landscape Metrics 1991 1995 2000 . F comparison 
Fractal (double log) d imens ion1 .457~1 .458 1.508 “ 
AFDI 1.055 1.041 1.398 个 
ASqP 0.169 0.130 0.181 T 
With reference to Table 5.2, values of fractal dimension increased from 1.457 
in 1991 to 1.508 in 2000 which did not show a great change in landscape complexity. 
Calculating the fractal dimension index (FDI) for each patch in the landscape, average 
fractal dimension index (AFDI) decreased from 1.055 in 1991 to 1.041 in 1995 and 
increased substantially to 1.398 in 2000. For a ten-year interval comparison, it also 
showed an increase from 1991 to 2000. The average square-pixel index (ASqP) did 
not show a great difference among the values, except for the year of 1995. 
Specifically, ASqP decreased from 0.169 in 1991 to 0.130 in 1995 and increased to 
0.181 in 2000. 
Interpreting the results for landscape complexity, AFDI and ASqP supported 
that landscape shape changes with an increasing trend of complexity. However, 
changes in patch-based shape index (AFDI and ASqP) and average patch perimeter 
did not provide the same implication. Moreover, average patch perimeter did not 
change with patch-based shape index, especially for AFDI. 
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5.2.3 Contagion, Interspersion and Diversity 
To measure specifically the extent to which land uses were aggregated or 
clumped, contagion metrics were used. Interspersion metrics were also computed to 
measure the extent to which land uses were intermixed. Computed results of 
contagion and interspersion metrics were summarized in Table 5.3. 
Table 5.3 Differences of Contagion and Interspersion Metrics (Landscape Perspective) 
Landscape Metrics i m 1 9 ^ 
~ R e l a t i v e contagion: (Li et al, 1993) ~ ^ ~ “ 
Largest Patch Index 11.70 7.77 7.53 
Interspersion and Juxtaposition Index (IJI) 64.302 67.436 69.909 
Using the summarized co-occurrence matrix, contagion was calculated for 
1991, 1995 and 2000. It showed a decrease in value (0.32 in 1991, 0.30 in 1995 and 
0.27 in 2000). While contagion seemed to be an effective summary of the overall 
dumpiness on the landscape (Turner, 1989), variation in relative contagion implied a 
disaggregating trend of patch types. Theoretically, total perimeter was inversely 
related to contagion. Compared with total perimeter in Table 5.1, this relationship was 
found. Simultaneously, largest patch index dropped from 11.70 in 1991 to 7.53 in 
2000. Referring to Table 5.3, largest patch index was 11.7, 7.77 and 7.53 in 1991, 
1995 and 2000 respectively. However, the largest patch belonged to the class type of 
sea, mangrove and mudflat in 1991, 1995 and 2000. Hence, it was important to 
consider which class type contributing to the largest patch index. 
As shown in Table 5.3, Interspersion and Juxtaposition index (IJI) slightly 
increased from 1991 to 2000, indicating a more uniform landscape configuration and 
99 
implying well-interspersed patch types. 
In measuring landscape diversity, diversity metrics was calculated and 
summarized in Table 5.4 by which landscape composition would be characterized. 
Table 5.4 Differences of Diversity Metrics (Landscape Perspective) 
Landscape Metrics 1991 1995 2000 
Shannon-Weaver diversity 2.129 2.214 2.263 
Simpson's Diversity Index 0.848 0.869 0.879 
Dominance 0.356 0.271 0.222 
Relative Dominance 0.143 0.109 0.089 
Shannon-Weaver diversity was extensively used in landscape ecology (O'Neill 
et al, 1988). Table 5.4 showed that it increased from 2.129 in 1991 to 2.263 in 2000 
which represented increasingly even proportional distribution of area among different 
class types. As suggested by Yue et al (1998), Simpson's Diversity Index was 
preferred to use in landscape with small class number. According to Table 5.4, it 
showed an increasing trend from 0.848 in 1991 to 0.879 in 2000 which was similar to 
changes of Shannon-Weaver diversity. Besides, summary table of land cover 
classification from 1991 to 2000 could be used to explain this result. From Table 4.4， 
the ranges of relative area were 29.8% and 21.4% in 1991 and 2000 respectively. It 
implied that the entire landscape was experiencing a more even proportion 
distribution in area of class types. Therefore, domination of land cover was 
diminishing which also implied that the probability that any 2 pixels would be 
different land covers was getting higher. 
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Dominance index measured the extent to which one or a few land uses 
dominated the landscape. Both Dominance and Relative Dominance decreased from 
1991 to 2000. Again, it showed a decline in the domination of any particular land 
cover. 
5.2.4 Disturbance information 
In Liu and Cameron's study (2001), wetlands with a high degree of impact had 
a significantly lower fractal dimension than wetlands with a low degree of impact. 
Similarly, different levels of disturbance towards the study area might induce different 
values in landscape metrics. As an example, the range of patch size was less in the 
disturbed Border Lakes compared to the undistributed Sylvania landscape (Mladenoff 
et al, 1993). In other words, landscape metric changes would provide stress 
information. 
In order to measure the level of disturbance acting on landscape, 6 disturbance 
rings were generated with reference to the distance from built-up area (6 = highest and 
1 = least). Level 6 referred to a distance of 20m from the fringe of built-up area. Level 
1 referred to a distance larger than 100m from the built-up area. Using methodology 
described in Chapter 3, disturbance rings were overlaid with the entire landscape in 
order to find out area with different levels of disturbance. With reference to Figures 
5.4 to 5.6, disturbance rings generated by built-up area from 1991 to 2000 were 
shown. 
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Figure 5.6 Disturbance Rings by Built-up Area in 2000 
As shown in Table 4.4, proportional area of built-up class increased and hence 
a larger area covered by high disturbance rings would be expected. In Table 5.5 and 
Figure 5.7, it showed the area affected in different disturbance levels. For the highest 
disturbance level (6), there were 123, 187 and 214 hectares of entire landscape area 
from which an increasing trend was notified. For the least disturbance level (1), it 
decreased from 76 hectares in 1991 to 32 hectares in 2000. Specifically, only 9% of 
landscape area in 2000 was classified into the least disturbance level. Conclusively, 
the landscape was subject to the increasing stress from built-up area. However, 
sensitivity and ecological value of different class types would affect the stress 
information. 
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Table 5.5 Landscape Area Affected by Different Disturbance Levels 
Area affected by each disturbance level 
1991 1995 2000 
Highest Hectare Proportion Hectare Proportion Hectare Proportion 
6 123 34.7% 187 53.0% 214 60.4% 
^ 5 47 13.4% 58 16.3% 52 14.8% 
I 5 44 12.4% 35 10.0% 29 8.1% 
I 3 39 11.0% 17 4.7% 16 4.6% 
I 2 25 7.0% 12 3.3% 11 3.1% 
• — 
^ 1 76 21.5% 45 12.6% 32 9.0% 
Lowest 
Total 354 100.00% 354 100% 354 100% 
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5.3 Class perspective analysis 
Class type was the secondary level of landscape study which represented a 
collection of patches with the same identity. Analyzing landscape metrics for each 
focal class, composition and configuration of class types could be known. In this 
study, wetland land covers were the focal classes which included mangrove, reed bed, 
fishpond and mudflat. However, mudflats were highly affected by the tidal height 
which data was not available in 1991 from the Hong Kong Observatory. Hence 
landscape metrics computed for comparison might induce potential errors. Those 
landscape metrics of mudflats would not be studied. Fifteen metrics were used in this 
perspective, providing information on background, complexity, contagion and 
diversity of three focal classes, mangrove, fishpond and reed bed. 
5.3.1 Mangrove 
5.3.1.1 Area, Density and Edge 
Table 5.6 presented landscape metrics about general information of mangrove. 
While the relative area of mangrove changed only from 9.4% in 1991 to 10.9% in 
2000, more information concerning landscape configuration could be revealed by 
other landscape metrics. Specifically, Figure 5.8 showed that average patch area 
decreased from 3 3 971 m � i n 1991 to 13143 m � i n 2000 whereas total number of patch 
increased from 98 in 1991 to 294 in 2000. This situation was similar to that of the 
whole landscape. Large coefficient of variation also showed the increased range of 
patch area with a skewed distribution of patch size. In other words, though the total 
area of mangrove only increased marginally, the total number of patches increased 
threefold. With many of them patches being small, patch area also decreased to one-
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third. It showed the increasing colonization of mangrove onto the mudflat as tiny 
patches (Figure 4.13). 
Table 5.6 General Information of Mangrove from 1991 to 2000 
Mangrove 
Landscape Metrics 1991 1995 2000 
Absolute area: (sq. m) 3,329,200 3,285,200 3,864,000 
Relative area (%) 9.4 9.3 10.9 
Average patch area: (sq. m) 33,971 21,059 13,143 
Coefficient of Variation�/� 678 805 937 
Total Number of Patch 98 156 294 
Perimeters: (m) 107,320 96,360 150,760 
Average patch perimeter: (m) 1,095 618 513 
From Table 5.6, the increase of total perimeter indicated a more complex 
mangrove class if there was no change in the number of patch. Indeed, increasing 
number of patch might produce more edges and hence total perimeters increased too. 
On the other hand, decreasing average patch perimeter showed the effect of newly 
increased small patches. 
sq. m Year 1991 1995 2000 
40000 I III I 350 
35000 - . , , -- 300 
30000 - - 250 
25000 — y Z - 200 I 
20000 — :、•：. ； ；：：;, ； 1《八 I 
15000 - • z Z 一 . 
‘ ； . . - - 1 0 0 10000 -- ——— — ： rn 
Average patch area: (sq. m) 
5000 — —— Total Number of Patch — 
0 i 丨i在腳肩胸咖扉痛幽請_層麟______輯…卿細 — 1 0 
Figure 5.8 Mangrove Average Patch Area and Number of Patch from 1991 to 2000 
106 
5.3.1.2 Fractal Dimension and Shape Indices 
Table 5.7 summarized the fractal dimension and shape indices of mangrove 
from 1991 to 2000. It showed a general trend that all metrics decreased in 1995 and 
increased in 2000. Using the fractal (double log) dimension, there was no great 
change for mangrove class type but it slightly increased from 1.48 in 1991 to 1.52 in 
2000 due to an increased complexity in the larger patches. 
Similar findings could be notified from AFDI and ASqP. By definition, 
tendency of mangrove patch shape simplification was indicated by AFDI whose value 
approached 1.0. From Table 5.7, AFDI slightly decreased from 1.07 in 1991 to 1.06 in 
2000. On the other hand, a slightly decrease in ASqP value provided same findings 
and echoed the result of AFDI. In conclusion, significant changes in shape metrics 
could not be found� 
Table 5.7 Different of Fractal Dimension and Shape Indices (Mangrove) 
Landscape Metrics 1991 1995 2000 
Fractal (double log) dimension 1.48 1.43 1.52 
AFDI 1.07 1.04 1.06 
ASqP 0.18 
5.3.1.3 Contagion and connectivity 
Measuring the dumpiness of mangrove, several metrics related to contagion 
were used and summarized in Table 5.8a. Percentage of like adjacencies increased 
from 69.33% in 1991 to 75.40 in 1995 and then decreased to 65.10% in 2000. It was 
computed as the sum of diagonal elements of the adjacency matrix divided by total 
number of adjacencies. Hence, the findings implied that aggregation of mangrove 
patch type increased from 1991 to 1995. So, probability to choose two cells with the 
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same identity was larger in 1995. However, it decreased to 65.10% in 2000 which 
simply showed a disaggregating trend of mangrove patch type. Indeed, clearance and 
separation of mangrove patches was found due to river engineering construction. 
However, this situation could also be explained by the increase in total patches 
number of mangrove. In contrast, the largest patch index showed increasing trend 
(0.37 in 1991 to 0.52 in 2000). Hence, fragmentation did not happen in larger patches 
whereas decreased value in contagion was caused by numerous small patches of 
mangrove. 
On the other hand, interspersion and juxtaposition index (IJI) from 1991 to 
2000 (78.44 in 1991, 75.79 in 1995 and 75.34 in 2000) was slightly decreasing. 
Generally, IJI was used to measure the tendency of dispersion. Therefore, decreasing 
IJI implied that the patches of mangrove class became less disintegrated and less 
equally distributed. 
Table 5.8a Differences of Contagion and Interspersion Metrics (Mangrove) 
Landscape M e t r i c s 1 9 ^ 1995 
Percentage of Like Adjacencies 69.33 75.40 65.10 
Largest Patch Index 0.37 0.45 0.51 
Interspersion and Juxtaposition Index (IJI) 78.445 75.793 75.336 
Table 5.8b Difference of Connectivity Metrics (Mangrove) 
Landscape Metrics 1991 2 0 ^ “ 
Centroid connectivity of each class: (unitless) 4.628 1.948 0.216 
Circular connectivity of each class: (unitless) 368.820 239.129 113.668 
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Connectivity of mangrove class was computed and summarized in Table 5.8b. 
Both metrics measuring connectivity decreased. Lower values suggested a group of 
small mangrove patches that were relatively further apart. 
5.3.1.4 Disturbance information 
With reference to the disturbance rings used in the last section, mangrove 
patches were divided into 6 disturbance levels (Table 5.9 and Figure 5.9). From the 
highest disturbance (6) to lowest disturbance (1), total area of mangrove increased in 
2000. For the highest and the least disturbance level (1), its affected area did not 
changed significantly. Spatial arrangement of mangrove from 1991 to 2000 with 
respect to disturbance rings was displayed in Figure 5.10. It indicated that mangrove 
with the least disturbance (1) was mainly located at Mai Po Marshes region. 
Proportionally, there was over 50% of mangrove area affected by disturbance levels 5 
to 2 in 2000 whereas only 21.4% was affected by the least disturbance level. The 
built-up area encroachment certainly produced a decrease in the proportional area 
with the least disturbance which should be considered in land use policy. 
Table 5.9 Mangrove Area Affected By Different Disturbance Levels 
Area affected by each disturbance level 
1991 1995 2000 
‘ ‘ ： v'： •；•  9 2 2 
Highest m Proportion m Proportion m Proportion 
^ 6 422,800 12.7% 548400 16.0% 546,400 14.1% 
3 5 302,000 9.1% 697600 17.2% 778,000 20.1% 
8 4 290,000 8.7% 507200 12.7% 773,600 20.0% 
I 3 330,000 9.9% 363200 9.7% 537,600 13.9% 
I 2 337,200 10.1% 364800 9.1% 400,000 10.4% 
1 422,800 49.5% 548400 35.4% 546,400 21.4% 
Lowest 
Total 3,329,200 100% 3,285,200 100% 3,864,000 100% 
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5.3.2 Reed bed 
5.3.2.1 Area, Density and Edge 
For reed bed, its territory extended from 3.9% to 6.0% of total study area 
whereas average patch area increased from 1310m in 1991 to 1823m in 2000. (Table 
5.10) Although it did not dominate the landscape area, expansion of patch area was 
identified. Coefficient of Variation also presented the range of patch area (433% in 
1991, 297% in 1995 and 453% in 2000) from which irregular distribution of patch 
area was expected. 
Total perimeter increased from 181,400m in 1991 to 265,640m in 2000. Again, 
increased average patch perimeter could be explained by increased patch area or 
increased patch complexity. 
Table 5.10 General Information of Reed Bed from 1991 to 2000 
Reed Bed 
Landscape Metrics 1991 1995 2000 
, ' ' ' . , ' ‘ ' ' ' • ' ' • , ' . ‘ ' . . ,  
Absolute area: (sq. m) 1,394,800 774,000 2,125,200 
Relative area (%) 3.9 2.2 6.0 
Average patch area: (sq. m) 1,310 1330 1,823 
Coefficient of Variation% 433 297 453 
Total Number of Patch 1,065 582 1,166 
Perimeters: (m) 181,400 97,160 265,640 
Average patch perimeter: (m) 170.33 166.94 227.82 
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Figure 5.11 Reed Bed Average Patch Area and Total Number of Patch from 1991 to 2000 
5.3.2.2 Fractal Dimension and Shape Indices 
With reference to Table 5.11, it summarized the shape metrics of reed bed 
class. For fractal (double log) dimension, it showed an increase from 1.539 in 1991 to 
1.585 in 2000. On the other hand, AFDI increased from 1.037 in 1991 to 1.050 in 
2000 while ASqP also raised from 0.112 in 1991 to 0.147 in 2000. Comparing fractal 
(double log) dimension with AFDI and ASqP, they represented the same situation 
which implied that the reed bed landscape was getting more and more complex 
though the level of complexity was still very low. 
Table 5.11 Different of Fractal Dimension and Shape Indices (Reed Bed) 
Landscape Metrics 1991 1995 2000 
Fractal (double log) dimension 1.539 1.463 1.586 
AFDI 1.037 1.040 1.050 
ASqP 0.112 0.120 0.147 
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5.3.2.3 Contagion and connectivity 
Referring to Figure 4.17 to 4.19 in chapter 4, reed bed could be found near 
fishpond and gei wai where high water table was formed. However, high water table 
varied over the landscape area and hence aggregation of reed bed tended to be low. 
Moreover, its growing pattern was separated by the bundles of gei wai and fishpond 
and hence aggregation tended to be limited. From Table 5.12a, percentage of like 
adjacencies increased from 18.46% in 1991 to 21.2% in 2000. It indicated that reed 
bed was becoming more aggregated, even though low values (around 20% which 
implied there was 20% probability for two cells with same identity) were found for 
the year of 1991, 1995 and 2000. Meanwhile, largest patch index changed from 0.101 
in 1991 to 0.109 in 2000 which also indicated increasing aggregation of reed bed. On 
the other hand, IJI increased from 71.672 to 75.793 in 1991 and 1995 respectively and 
then dropped to 74.937 in 2000. At the ten year interval comparison, its increase 
implied that the landscape of reed bed was becoming more evenly adjacent to other 
patch types. 
Table 5.12a Differences of contagion and interspersion metrics (Reed Bed) 
Landscape Metrics 1991 1995 2000 
Percentage of Like Adjacencies 18.46 19.60 21.20 
Largest Patch Index 0.101 0.098 0.109 
Interspersion and Juxtaposition Index (IJI) 71.672 75.793 74.937 
Table 5.12b Difference of connectivity metrics (Reed Bed) 
Landscape Metrics 1991 1995 2000 
Centroid connectivity of each class: (unitless) 0.004 0.006 0.007 
Circular connectivity of each class: (unitless) 0.021 0.Q51 0.090 
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For the connectivity of reed bed, computed connectivity metrics yielded an 
extremely low value from 1991 to 2000, even an increase in values was found. Indeed, 
it might be affected by water table variation in the landscape and bundle separation. 
5.3.2.4 Disturbance information 
Overlaying six disturbance regions with reed bed territory, amount of reed bed 
affected by various disturbance levels could be known and summarized in Table 5.13. 
Temporal comparison of absolute area with the highest disturbance level showed an 
increase from 363,200m^ in 1991 to 1192800m^ in 2000. On the other hand, 
proportional area of reed bed with the least disturbance dropped from 224,400m in 
1991 to 18,800m^only in 2000. 
Table 5.13 Reed Bed Area Affected by Different Disturbance Levels 
Area affected by each disturbance level 
1991 1995 2000 
Highest m^ Proportion m^ Proportion m^ Proportion 
^ 6 363,200 26.0% 310400 40.1% 1,192,800 56.1% 
3 5 223,600 16.0% 188400 24.3% 497,600 23.4% 
8 4 201,200 14.4% 186000 24.0% 234,800 11.0% 
I 3 175,600 12.6% 64400 8.3% 142,800 6.7% 
I 2 206,800 14.8% 15600 2.0% 38,400 1.8% 
Q 1 224,400 16.1% 9200 1.2% 18,800 0.9% 
Lowest 
Total 1,394,800 100% 774,000 100% 2,125,200 100% 
Apart from aspatial description, spatial distribution of reed bed and 
disturbance levels from 1991 to 2000 was shown in Figure 5.12. From the figures, 
reed bed could be found at the gei wai due to the terrain advantages, especially for the 
year of 2000. While the least disturbed area was only found in mudflat in 2000, 
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proportional area and absolute area of reed bed with the least disturbance level was 
expected to be low. 
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Figure 5.12 Spatial Arrangement of reed bed with respect to disturbance levels 
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5.3.3 Fishponds 
5.3.3.1 Area, Density and Edge 
In the study area, fishponds served as a man-made wetland which contributed 
30.1%, 25.1% and 22.2% of total landscape area in 1991, 1995 and 2000 respectively. 
General information on fishpond class type was summarized in Table 5.14. From 
1991 to 2000, average patch area dropped from 42,163 to 24,596 m^, but coefficient 
of variation was found to be large. Using Figure 5.13, total number of patch increased 
to 320 in 2000 while average patch area decreased which simply showed 
fragmentation. 
Table 5.14 General Information of Fishpond from 1991 to 2000 
Fishpond 
Landscape Metrics 1991 1995 2000 
Absolute area: (sq. m) 10,667,2008,899,6007,870,800 
Relative area (%) 30.1 25.1 22.2 
Average patch area: (sq. m) 42,163 25,574 24,596 
Coefficient of Variation (%) 489 362 423 
Total Number of Patch 253 348 320 
Perimeters: (m) 328,960 348,640 328,840 
Average patch perimeter: (m) 1300.24 1001.84 1027.63 
Hence, it described a fragmentation condition occurring in the landscape from 
1990 onward. For patch perimeters, total perimeters and average patch perimeter did 
not yield a great change since fishponds might not experience with natural 
modification. In contrast, boundaries were rather confined by human activities. 
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Figure 5.13 Fishpond Average Patch Area and Total Number of Patch from 1991 to 
2000 
5.3.3.2 Fractal Dimension and Shape Indices 
Most literatures citied that fractal dimension and shape indices of man-made 
features did not generate high value (Forman and Gordon, 1986). As summarized by 
Krummel et al. (1987), human activities related to crop production and urban 
development tended to simplify shapes, smooth and flatten contours, and resulted in 
simple polygonal shapes. From Table 5.15, fractal (double log) dimension of fishpond 
slight increased from 1.393 in 1991 to 1.403 in 2000. 
Table 5.15 Different of Fractal Dimension and Shape Indices (Fishpond) 
Landscape Metrics 1991 1995 2000 
Fractal (double log) dimension 1.393 1.377 1.403 
AFDI 1.069 1.066 1.071 
ASqP 0.235 0.225 0.235 
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Compared with Table 5.7, fractal (double log) dimension of mangrove (nature 
feature) was larger than that of fishpond (man-made feature) in 1991, 1995 and 2000. 
However, it was not the case for AFDI and ASqP. Indeed, AFDI for fishpond raised 
from 1.069 in 1991 to 1.071 in 2000 while ASqP remained unchanged from 1991 to 
2000. All in all, complexity of fishponds tended to be higher in 2000. 
5.3.3.3 Contagion and Connectivity 
Fragmentation of fishpond must be caused by human activities, as no 
ecological succession would be found in fishponds. Hence, contagion and 
connectivity changes in fishpond class could be explained due to alteration by human 
activities. Contagion metrics and connectivity metrics of fishponds were summarized 
in Tables 5.16a and 5.16b respectively. For percentage of like adjacencies, it 
decreased from 70.43% in 1991 to 63.70% in 1995 and then further decreased to 62% 
in 2000. Analyzing the largest patch index, it decreased from 0.167 in 1991 to 0.142 
in 2000. Conclusively, aggregation of fishponds declined. Fishpond became 
fragmented which could be shown with average patch area and total number of 
patches. On the other hand, there was a decreasing trend for IJI from 1991 to 2000. 
Therefore, poor intermixing with other landscape classes was notified. 
Table 5.16a Differences of contagion and interspersion metrics (Fishponds) 
Landscape M e t r i c s i m 2000 
Percentage of Like Adjacencies 70.43 63.70 62.00 
Largest Patch Index 0.167 0.123 0.142 
Interspersion and Juxtaposition Index (IJI) 70.86 53.40 53.81 
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Table 5.16b Difference of connectivity metrics (Fishponds) 
Landscape Metrics ” 1991 2000 
Centroid connectivity of each class: (unitless) 1.066 0.629 0.507 
Circular connectivity of each class: (unitless) 383.273 105.471 58.514 
From Table 5.16b, connectivity metrics showed that fishpond patches became 
further apart from each other in 2000. As described before, changes of fishponds class 
was due to human activities such as filling of fishpond for other purposes. In fact, 
Shan Pui River engineering separated the fishponds (Figures 4.15 and 4.16). 
5.3.4 Disturbance information 
Although fishponds were man-made features and were located mainly at WBA, 
different disturbance levels might affect their potential ecological value. Overlaying 
the fishponds territory with disturbance levels, change of proportional area with 
highest disturbance level could be known (Table 5.17). 
Table 5.17 Fishponds Area affected by Different Disturbance Levels 
….: ‘ • • ’ ..:. .. Ared affected by each disturbance level 
1991 1995 2000 
Highest m2 Proportion m^ Proportion m^ Proportion 
^ 6 2,314,800 21.7% 4,163,200 46.8% 4,941,200 62.8% 
S 5 2,209,600 20.7% 2,632,000 29.6% 1,875,200 23.8% 
8 4 2,150,800 20.2% 1,234,400 13.9% 610,800 7.8% 
I 3 1,921,600 18.0% 394,400 4.4% 209,200 2.7% 
I 2 993,600 9.3% 296,800 3.3% 155,200 2.0% 
S 1 1,076,800 10.1% 178,800 2.0% 79,200 1.0% 
Lowest 
Total 10,667,200 100% 8,899,600 100% 7,870,800 100% 一 
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In Table 5.17, absolute area with the highest disturbance has increased two 
folds from 2,314,800m^ in 1991 to 4,941,200m^ in 2000 while total area of fishponds 
was decreasing. Hence, the effect of disturbance on fishponds would be more 
intensive in 2000. On the other hand, fishpond with the lowest disturbance was only 
10.1% in 1991. However, there was only 1% of fishpond area classified as the least 
disturbance in 2000. From Figure 5.14, spatial arrangement of fishponds and 6 
disturbance rings was displayed. For the location of fishponds, great changes were not 
found in the landscape whereas the encroachment of disturbance rings 6 (Highest) 
increased the absolute area of fishponds with higher disturbance. 
, r 
Figure 5.14 Spatial Arrangement of Fishponds with respect to disturbance levels 
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5.4 Discussion 
5.4.1 Landscape degradation from landscape perspective 
Natural areas were in general more dynamic due to tidal inundation and storm 
surges than anthropogenic areas, hence, more changes in wetland morphology were 
expected (Liu and Cameron, 2001). In this study, disturbance effect caused by 
anthropogenic activities on the landscape was increasingly obvious in 2000. 
Landscape metrics could be used to reflect this situation. From a landscape 
perspective, decreasing average patch area, increasing total number of patch and 
decline in contagion metrics indicated a fragmentation problem within the landscape 
where the increased built-up land was regarded as stressors occurring towards 
wetlands. 
From island biogeographical studies, single large reserves were likely to 
conserve more species than a group of smaller reserves. Griffiths et al (2000) noted 
that higher species richness was associated with greater biotope area spreading across 
fewer patches i.e. less fragmented conditions. Moreover, in real island situation, a 
tenfold increase in area virtually doubled the species number (Moore and Hooper, 
1975) which also described the importance of large patches. However, according to 
the metapoplution model (Hanski and Gilpin, 1992), smaller patches might support a 
viable population if they were well connected. Smaller patches of habitat were 
important depending upon whether they contained rare species, or whether these 
organisms could disperse from their source areas (MacClintock, Whitcomb and 
Whitcomb, 1977). 
As numerous small patches are found in the study area, did it imply that there 
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was no value for smaller patches in the landscape? In this study, numerous smaller 
patches and increasing size of largest patch might reflect a higher ecological value of 
the landscape. Even though there was a decrease in contagion metrics, degradation 
might not present in the landscape. Through an examination of the nature of 
additional smaller patches, degradation of landscape could be monitored. 
Table 5.18 showed that built-up area contributed 146 smaller patches in 2000 
while the total number of additional patches (100 - 500m^) for focal classes 
(mangrove, reed bed and fishponds) was smaller. To support the wetland ecology, 
mangrove stands served as the major food sources of animals. They were mainly 
found in Mai Po Marshes and were located at areas with low disturbance levels. 
Spatially, they might spread seaward with the aids of small streamlets. Its 
establishment and colonization would improve the ecological value of Ramsar site, 
even though the number of smaller patches of built-up area increased more than that 
of mangrove. Based on the above discussion, decrease in contagion metrics might not 
imply a degradation of landscape. 
Table 5.18 Total Number of Smaller Patches with 100 — 500m^ 
Year Mangrove Reed Bed Fishpond Built-up 
1991 Ts ~ “ “ 
1995 72 298 90 91 
2000 134 581 83 197 
Increased ^ 8 16 1 4 6 ~ 
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5.4.2 Implication of landscape metrics on land use planning 
In term of patch size distribution of mangrove, incremental mangrove area in 2000 
was mainly contributed by small patches. Although average patch area decreased, 
large patch type still dominated 90% of the total mangrove area in 2000. Decreasing 
in average patch area and increasing total number of patch would reflect the 
fragmentation. However, establishment of those small patches were found colonizing 
areas at the expense of mudflat. This event did not reflect a landscape degradation. 
Therefore, careful consideration on each reserve, each patch, as a functional 
component of a larger landscape mosaic was needed for planning. 
As suggested by Tilton (1995), wetland wildlife habitat surrounded by 
development was adversely affected because many species might lose access to the 
wetland area. Settlement, production, infrastructure and even recreation were viewed 
as pressures on the landscape. Generally, fragmentation was a common way of 
degradation (Antrop, 2000). With respect to the largest patch of mangrove in the 
study area (Table 5.19), it was located at the Mai Po Marshes area with the protection 
of WCA (wetland conservation area) and hence the disturbance was at the lowest (1) 
level. Monitoring changes in landscape metrics, quality of the largest mangrove patch 
could be conserved and improved. 
Instead of protecting mangrove away from disturbance by land use planning, 
conserving larger patches size or linking up smaller patches should be taken into 
consideration from a landscape ecology perspective. For example, location of 
plantation and replenishment planting should be chosen based on principle of 
landscape ecology in order to maintain a desirable landscape ecology. 
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Table 5.19 Summary of the Largest Patch of Mangrove from 1991 to 2000 
Year Absolute Relative ？^^胁 FDI SqP Disjuirb^e area ( m ) Area . Lc\cl \ A 1 
1991 1231804 37% 16580 1.202 0.769 6 
1995 1478340 45% 20340 1.2429 0.829 6 
2000 1989600 51% 24440 1.287 0.877 6 
5.4.3 Factors affecting the usage of landscape metrics 
Consistency should be maintained for temporal comparison. Generally, errors in 
calibration of satellite image were inevitable. Difference in classification methods and 
satellite images might induce potential errors. In this study, only SPOT images were 
used for temporal comparison whereas one classification method was applied for all 
images. However, similarity in reflectance of land covers would generate errors. In 
this study, bundles between fishponds would be eliminated due to mixed signature of 
fishponds and bundles (Figure 5.15). As a result, patch area of fishpond would be 
larger and hence error was transferred to landscape metrics computation, especially 
for contagion metrics. Joining of small fishponds into a large fishpond would 
certainly increased the value of aggregation. 
1991 2000 
Figure 5.15 Comparison of Fishponds in 1991 and 2000 
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In reality, misjudgment would occur because landscape metrics might provide 
misleading information. For largest patch index, it was computed as largest patch size 
over total landscape area. Table 5.3 showed that largest patch index was 11.7, 7.77 
and 7.53 in 1991, 1995 and 2000 respectively. However, the largest patch belonged to 
the class type of sea, mangrove and mudflat in 1991, 1995 and 2000 respectively. 
Then this index should only be used in class level, not at landscape level. 
In assessing the complexity, inclined orientation of focal class might greatly 
increase patch perimeter. Compared the shape index of fishpond and mangrove, 
similar complexity was found. In reality, fishponds were man-made feature with 
simple boundaries. Instead, its orientation tended to increase the perimeter of 
fishponds (Figure 5.16). As a result, complexity would be higher for such patches. 
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Perimeter of fishDonds 
Figure 5.16 Orientation of Fishponds 
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5.5 Summary 
In order to quantify the landscape configuration, landscape metrics was 
computed and presented in this chapter. Three types of metrics i.e. general 
information, shape, contagion and diversity were used and assessed with two 
perspectives: landscape and class. 
For landscape perspective, general information were summarized in Table 5.1 
while Figure 5.1 to 5.3 displayed the patch size distribution from 1991 to 2000. 
Average patch size was decreased from 7871m^ in 1991 to 5565m^ in 2000 with a 
large coefficient of variation. Meanwhile, there was an increase in total number of 
patches. Value of fractal dimension index summarized in Table 5.2 show an 
increasing trends which could be interpret as increasing complexity of landscape. 
Concluded with Table 5.3 about contagion metrics, a trend of fragmentation was 
implied. 
Disturbance rings from built-up area from 1991 to 2000 were shown in Figure 
5.4 to 5.6. Using cross-tabulation analysis in ArcView 3.2, area affected by different 
disturbance levels could be computed and summarized in Table 5.5. For the highest 
disturbance level, absolute area increased from 123 hectares in 1991 to 214 in 2000. 
For the lowest disturbance level, relative areas decreased from 76 hectares in 1991 to 
32 hectares in 2000. With reference to findings from landscape metrics, landscape 
tended to be more fragmented when disturbance was more intensive in 2000. 
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For class perspective, mangrove, reed bed and fishponds were the focal classes 
in this study. Fifteen metrics were used to describe the landscape ecology of focal 
classes. 
General information of mangrove class was shown in Table 5.6. Average 
patch area decrease from 33971m^ in 1991 to 13143 m^ in 2000. Meanwhile, total 
number of patches increased from 98 to 294. On the other hand, increasing fractal 
(double log) dimension in Table 5.7 represented an increasing landscape complexity. 
In contrast, decreased AFDI and ASqP were computed for mangrove class. 
Configuration could be shown from contagion and connectivity metrics in Table 5.8 
from which establishment of small mangrove patches and increasing size of largest 
patch could be summarized. 
In relation to disturbance information, absolute area affected by the highest 
disturbance level did not change so much while proportion area with the least 
disturbance became only 21.4% in 2000. (Table 5.9). Spatially, mangrove located at 
Mai Po Marshes within Ramsar sites tend to be protected from WCA and WBA since 
majority area was only affected by the lowest disturbance level. 
Table 5.10 presents the general information of reed bed class. Coefficient of 
variation was 433%, 297% and 453% in 1991, 1995 and 2000 respectively while 
9 2 
average patch area of reed bed increased from 1310m to 1823 m during the ten-year 
intervals comparison. Together with Table 5.12, increasing aggregation of reed bed 
was presented, even low value was found for percentage of like adjacency (around 
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20%). Increasing trend also defined from Table 5.11, showing metrics of patch shape 
complexity. 
Variation in growing pattern was identified from Figure 5.12. From Table 
2 
5.13, absolute area affect by the highest disturbance increases from 363,200m in 
1991 to 1,192,800m'in 2000. 
With reference to man-made wetland i.e. fishponds, average patch area shrink 
from 42163 m^ in 1991 to 24596 m^in 2000 while large coefficient of variation was 
found. Indeed, total number of patch increase to 320 in 2000, indicating fragmentation 
(Table 5.14). Although patch shape of fishponds will not experience natural processes, 
it shows an increasing in complexity (Table 5.15). From Table 5.16, aggregation of 
fishponds was declined, notified from diminishing value in contagion metrics. 
Since fishponds mainly located in WBA, area affected by the highest 
disturbance increase three folds in 2000 (Table 5.17). 
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CHAPTER SIX CONCLUSION 
This research attempted to examine and compare the landscape ecology of the 
Mai Po Ramsar site with specific emphasis on the landscape composition and 
configuration. Changes in landscape metrics provided important information on the 
landscape quality which could be used in land use policy, especially for the ecological 
conservation strategies. 
6.1 Summary of findings 
In this study , there were two types of result. Firstly, landscape composition 
was computed from the land use classification on satellite images. Three geometric 
corrected SPOT HRV multi-spectral images were used to extract the land cover 
information in 1991, 1995 and 2000. Secondly, landscape configuration was 
computed from land cover classification result. After patch formation using 8-
cormected cell neighborhood regulation, patch-based, class-based and landscape-
based metrics were computed based on different perspectives of landscape ecology 
analysis. In order to examine the level of disturbance acting on the landscape, GIS 
overlay operation was used. 
6.1.1 Summary of landscape composition 
In study area, mangrove, fishpond, reed bed and mudflat were the focal classes 
of wetland habitats. Major findings are displayed in Figure 4.2 to 4.3 and described as 
follows: 
1) Mangrove stands was not the dominant land cover in the study area but a trend of 
increasing proportional area was found. Seaward expansion of mangrove stands 
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was also identified. Under land use policy, mangrove class was conserved and 
hence over 50% of mangrove remained unchanged from 1991 to 2000. 
2) Fishpond class was the major land cover which showed a decreasing trend in 
proportional area. Built-up area encroachment and Sham Pui River engineering 
decreased the area of fishpond. 
3) On the other hand, proportional area of reed bed increased. However, accuracy 
assessment of reed bed did not provide satisfactory result due to limited sample. 
4) For mudflat, its proportional area increased from 5.1% in 1991 to 9.2% in 2000 
and it extended seaward. As only the surface area of mudflat could be measured 
by satellite, tidal height information was important. However, such information 
was not available in 1991 and hence landscape metrics analysis of mudflat could 
not be done. Specifically, built-up area increased in area and extended toward the 
Ramsar sites. 
6.1.2 Summary of landscape configuration and disturbance information 
Main findings of landscape configuration and disturbance information can be 
described with two perspectives: a) Landscape Perspective and b) Class Perspective 
which are presented as follows: 
a) Landscape Perspective 
From a landscape perspective, the entire study area experienced fragmentation. 
Large coefficient of variation on patch size, decreasing average patch size and 
increasing patch number could be used to prove such a situation. In relation to 
contagion metrics, it showed a decreasing trend. Briefly, its quality was subject to 
degradation. However, landscape metrics might produce errors for interpretation. So, 
landscape ecology analysis required different scales of investigation. With reference 
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to disturbance analysis, increasing area affected by the highest disturbance level 
showed that intensified disturbance in 2000 was expected. 
b) Class Perspective 
Mangrove 
Improved quality of mangrove class could be examined through a set of 
landscape metrics. From patch size distribution, additional small patches was found in 
2000. Increasing patch numbers and decreasing average patch sizes normally 
indicated fragmentation. However, an increasing largest patch index and spatial 
pattern showed that there were colonization of mangrove toward mudflat and 
domination of a large reserve of mangrove in Mai Po. More interestingly, mangrove 
area affected by the lowest disturbance level was decreasing while it did not show 
degradation. Based on the above situation, the effectiveness of land use policy might 
be guaranteed. 
Reed Bed 
Reed bed was the minority class in the study area which showed a increasing 
trend in proportional area. It scattered throughout the landscape while contagion did 
not show a disaggregating trend. Because of its growth pattern, it could be found near 
built-up area and hence area affected by the highest disturbance level was high. 
Fishpond 
For fishpond, Fragmentation was found since number of patches was found to 
be increased and average patch area was decreased. Contagion metrics also showed 
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the same situation i.e. disaggregating. Because of urban area encroachment, fishpond 
area with the highest disturbance level increased threefold. 
All in all, SPOT satellite images are useful for the landscape ecology study which 
enhances the feasibility of large scale investigation of Mai Po Ramsar site. Generally, 
the important component of the Mai Po Ramsar site i.e. Mangrove is conserved while 
the other components including fishpond and reed bed are subject to the pressure of 
urban development, described by disturbance information. Hence, continuous 
monitoring is suggested in order to notify the change of landscape ecology condition. 
6.2 Limitations of the Study 
Many literatures stated the limitation of remote sensing application. In this 
study, three SPOT HRV satellite images were used. Even though images were only 
acquired from SPOT, different sensors were used. Relatively, image quality was better 
for 2000 image. This limitation would produce errors in land cover identification. 
Although the resolution of satellite images used in this study was the same, it 
still provided errors in land cover classification. Fishponds class was the focal class in 
this study where individual fishponds were separated by bundles. Indeed, those 
bundles would not be identified due to low resolution satellite images. Hence, 
absolute area of fishpond might be overstated. 
Tidal height was important information for wetland habitats. Its changes 
maintained the regime of wetland. Since satellite images could only be used to 
detected the surface area, different tidal height would affect the result of land cover 
classification and hence landscape metrics computation. However, tidal height of 
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Ramsar site in 1991 was unavailable. Hence, an error in temporal comparison might 
be incurred. 
In this study, landscape ecology was assessed based on two perspectives: 
landscape perspective and class perspective. No matter what perspective was used, 
there were interpretation errors. For landscape perspective, landscape metrics tried to 
describe the landscape as a whole. However, the importance and effectiveness of 
individual classes or even single patches would affect the entire landscape ecology. 
The relationship between landscape condition and landscape metrics would not be 
linear. For class perspective, class-based metrics were used to describe individual 
class. Change in metrics was interpreted as dynamic in individual class. However, 
individual classes were inter-related and hence change in metrics would be produced 
by more than one class. 
6.3 Recommendations for Further Studies 
The IKONOS image with Im or 4m resolution is an alternative choice for 
providing detailed information of the study area. The higher resolution images 
provide more detailed data like transportation network, distribution of vegetation, 
mangrove species and fishpond and gei wais bundle. By following the similar method 
of analysis, it was expected that land cover classification would yield a finer picture. 
Integration with in situ investigation would provide a more comprehensive 
picture on the landscape ecology. Measurement of ecological processes could be used 
to correlate with the landscape metrics, so that interpretation of landscape metrics 
could be verified. 
133 
REFERENCES 
Agriculture, Fisheries and Conservation Department, 1995. Information paper. 
Allen, T.F.H. and Hoekstra, T.W., 1992. Toward a Unified Ecology. Columbia 
University Press, New York. 
Andrews, A., 1990. Fragmentation of habitat by roads and utility corridors: a review. 
Austral ZooL 26:130-141. 
Angermeir, RL. and Karr, J.R., 1994. Biological integrity versus biological diversity 
as policy directives: Protecting biotic resources. Bioscience 44, 690-697. 
Antrop, M., 2000. Background concepts for integrated landscape analysis. Agriculture, 
Ecosystems and Environment 77:17-28. 
Baker W.L. and and Cai,Y., 1992. The role programs for multiscale analysis of 
landscape structure using the GRASS geographical information system. 
Landscape Ecology 7: 291-302 
Baker, W.L., 1989. Landscape Ecology and Nature Reserve Design in the Boundary 
Waters Canoe Area, Minnesota. Ecology, 70(1): 22-35. 
Berg, L.S. (1931): Landscape-geographical zones of the USSR, part 1, Moskva(Russ). 
German: Die gographischen Zonen der sowjetunion, Bd. 1, Leizig 1958. 
Bourgeron, P.S.，Humphries, H.C., Barber, J.A., Turner, S.J., Jensen, M.E., Goodman, 
LA” 1999. Impact of Broad- and Fine-Scale Patterns on regional 
landscape characterization using AVHRR-derived land cover data. 
Ecosystem Health 5(4):234-258. 
Brooks, R.R, Croonquist, M.J., Arnold, D.E., Keener, C.S. and Bellis, E.D., 1990. 
Conservation of wetland-riparian ecosystems and resources: A 
landscape approach. Final Report, Pennsylvania Game Commission, 
Harrisburg, PA. 
Burgess, R.L., Shape, D.M., eds. 1981. Forest Island Dynamic in man-Dominated 
Landscapes. New York: Springer-Verlag. 
Burgi, M. and Russell, E.W.B., 2001. Integrative methods to study landscape changes. 
Land use Policy 18:9-16. 
Burrough, RA” 1986. Principles of Geographical Information Systems for Land 
Resources Assessment, Clarendon Press, Oxford. 
Carl Troll, Bonn, 1971. Landscape Ecology and Biogeocenology - A Terminological 
Study. GeoForum Vol 8. p43 - 46. 
134 
Chuvieco, E., 1999. Measuring changes in landscape pattern from satellite images: 
short-term effects of fire on spatial diversity. International Journal of 
Remote SensingWoX. 20 (12): 2331-2346. 
Cohen, W.B., and Spies, T.A., 1992. Estimating structural attributes of Douglas-
fir/Westem Hemlock forest stands from Landsat and SPOT imagery. 
Remote Sensing of Environment, 41:1-17. 
Collinge, S.K., 1996. Ecological consequences of habitat fragmentation: implications 
for landscape architecture and planning. Landscape and Urban Planning 
36:59-77. 
Connell, J.H. and Sousa, W.P., 1983. On the evidence needed to judge ecological 
stability or persistence. American Naturalists. Vol. 121:789-824. 
Crow, T.R., 1989. Biological diversity and silvicultural systems. In: Proceedings of 
National Silvicultural Workshop, Petersburg, Alaska, July 10-13, 1989. 
U.S. Department of Agriculture Forest Service, Washington, D.C., USA. 
Dahl, T.E. and Johnson, C.E., 1991. Wetland Status and trends in the Conterminous 
United States Mid-1970s to mid-1980s. U.S. Department of Interior, Fish 
and Wildlife Service, Washington, D.C., USA. 
Dickman, C.R., 1987. Habitat fragmentation and vertebrate species richness in an 
urban environment. Journal of Applied Ecology. 24:337-351. 
Doing, H., 1997. The landscape as an ecosystem. Agricultural, Ecosystems and 
Environment 63: 221-225. 
Duke, Norman C., 1999. Structure and Composition of the Seaward Mangrove Forest 
at the Mai Po Marshes Nature Reserve, Hong Kong. The Mangrove 
Ecosystem of Deep Bay and the Mai Po Marshes, Hong Kong. Hong 
Kong: Hong Kong University Press. 
Forman, R.T.T. and Gordon, M., 1986. Landscape Ecology. New York: Wiley 
Forman, R.T.T., Galli, A.E. and Leek, C.R, 1976. Forest size and Avian Diversity in 
New Jersey woodlots with some land use implications. Oecologia 26:1-8. 
Forman, R.T.T., Galli, A.E. and Leek,C.R, 1976 . Forest Size and Avian diversity in 
New Jersey woodlots with some land use implications. Oecologia 26:1-8. 
Forman, R.T.T” Godron, M. 1981. Patches and structural components for a landscape 
ecology. Bioscience 31:733-740. 
Forman, Richard T. T. and Gordon, Michel, 1981. Patches and Structural Components 
For a Landscape Ecology. Bioscience Vol. 31 No. 10 pp.773 -740. 
135 
Franklin, J.F. and Forman R.T.T., 1987. Creating landscape patterns by forest cutting: 
ecological consequences and principles. Landscape Ecology 1:19-28. 
Frayer, W.R., Monahan, 丁.�.,Bowden, D.C. and Graybill, RA., 1983. Status and 
Trends of Wetlands and Deepwater Habitat in the Conterminous United 
States, 1950s to 1970s. Department of Forest and Wood Sciences, 
Colorado State University, Fort Collins, CO, USA. 
Freemark, K.E., Merriam, H.G., 1986. Importance of area and habitat heterogeneity to 
bird assemblages in temperate forest fragments. Biological Conservation 
Vol 31:95-105. 
Friedman, S.K. and Zube, E.H., 1992. Assessing landscape dynamics in a Protected 
area. Environmental Management 16(3):363-370. 
Frohn, R. C., 1998. Remote sensing for landscape ecology : new metric indicators for 
monitoring, modeling, and assessment of ecosystems. Boca 
RatoniLewis Publishers. 
Fung, T., 1992. Land Use and land cover change detection with Landsat MSS and 
SPOT HRV data in Hong Kong, Geocarto International Vol 7(3), 33-40 
Galli, A.E., Leek, C.F. and Forman, R.T.T., 1976. Avain distribution patterns within 
different sized forest islands in central New Jersey. Auk 93:356-364. 
Gardner, R.H., Milne, B.T., Turner, M.G and O'Neill, R.V., 1987. Neutral models for 
the analysis of broad-scale landscape pattern. Landscape Ecology 1:19-
28. 
Gardner, R.H., O'Neill, R.V. and Turner, M.G, 1993. Ecological implication of 
landscape fragmentation. In: McDonnell, M.J. and Pickett, S.T.A. (eds) 
Humans as Components of Ecosystems. Springer-Verlag, New York. 
Giles, R.H. and Trani, M.K., 1999. Key Elements of Landscape Pattern Measures. 
Environmental Management 23(4): 477-481. 
Goossens, R., Ongena, T., D'Haluin, E. and Lamoe, G., 1993. The use of remote 
sensing (SPOT) for the survey of ecological patterns, applied to two 
different ecosystems in Belgium and Zaire. In: Young, R.M. et al. (eds.) 
Landscape ecology and GIS. Taylor and Francis: London. 
Gottfried, B.M. 1979. Small mammals populations in woodlot islands. Am. Midi 
她 U02:105-112. 
Graham, R.L., Hunsaker, C.T. and O'Neill, R.V., 1991. Ecological Risk Assessment at 
the regional scale. Ecological Application 1(2): 196-206. 
136 
Griffiths, G.H. and Lee, J., 2000. Landscape Pattern and species richness; regional 
scale analysis from remote sensing. International Journal of Remote 
Sensing. Vol. 21:2685-2704. 
Grossman, L., 1977. Man-Environment relationships in anthropology and geography. 
Assoc. Am. Geogr. Ann. 67:126-144. 
Gulinck, H., Walpot, O. and Janssens, P., 1993. Landscape structural analysis of 
central Belgium using SPOT data. In: Yong, R.H. et al (eds) Landscape 
ecology and GIS. Taylor and Francis: London. 
Gustafson, E.J., 1998. Quantifying landscape spatial pattern: what is the state of the 
art. Ecosystems 1:143-156. 
Gustafson, EJ., 1998. Quantifying landscape spatial pattern: What Is the state of the 
art? Ecosystems 1:143-156. 
Haines-Young, R. and Chopping, M., 1996. Quantifying landscape structure: a review 
of landscape indices and their application to forested landscape. Progress 
in Physical Geography Vol. 20:418-445. 
Hanski, 1. and Gilpin, M” 1992. Metapopulation dynamics - brief history and 
conceptual domain. Biological Journal of the KLinnean Society. Vol. 42: 
3-16. 
Hardisky, M.A., Gross, M.F. and Klemas, V., 1986. Remote Sensing of coastal 
wetlands. Bioscience Vol. 36:453-460. 
Harris LD., 1988. Edge Effects and conservation of biotic diversity. Conservation 
Biology 2:330-332. 
Herzog, R, Lausch, A., Muller, E., Thulke, H.H., Steinhardt, U. and Lehmann, S., 
2001. Landscape Metrics for Assessment of Landscape destruction and 
Rehabilitation. Environmental Management 27(1):91-107. 
Hobbs, R., 1997. Future landscapes and the future of landscape ecology. Landscape 
and Urban Planning 37:1-9. 
Hunsaker, C.T., O'Neill, R.V., Jackson, B丄.，Timmins, S.P., Levine, D.A. and Norton, 
D.J” 1994. Sampling to characterize landscape pattern. Landscape 
Ecology 9:207-226. 
Jensen, J. R., 1996. Introductory digital image processing: A Remote Sensing 
Perspective. United State: Prentice-Hall, Inc. 
Jensen, J.R., Hodgson, M.E., Christensen, E.，Mackey, H.E., Tirmey, Sharitz, R., 1986. 
Remote Sensing of inland wetlands: a multispectral approach. 
137 
Photogrammetric Engineering and Remote Sensing. Vol. 52: 87-100. 
Jr. LaGro, J., 1991. Assessing Patch Shape in Landscape Mosaics. Photogrammetric 
Engineering and Remote Sensing. 57(3): 285-293. 
Kathiresan, K., 1999. Observation on the mangrove community at Mai Po Marshes, 
Hong Kong. Implications for conservation. The Mangrove Ecosystem of 
Deep Bay and the Mai Po Marshes, Hong Kong. Hong Kong: Hong 
Kong University Press. 
Kent, C. and Wong, J., 1982. An index of littoral zone complexity and its 
measurement. Can. J. Fish. Aquat. Sci. 39:847-853. 
Kent, C. and Wong, J., 1982. An Index of Littoral Zone Complexity and its 
measurement. Can. J. Fish. Aquat. Sci. Vol 39:847 - 853. 
Kiensat, F., 1993. Analysis of historic landscape patterns with a geographical 
information system _ a methodological outline. Landscape Ecology 
8:103-118. 
Klopatek J.M., Krummel, J.R., Mankin, J.B. and O'Neill, R.V., 1983. A theoretical 
approach to regional energy conflicts. J. Env. Managem. 16:1-15. 
Krummel, J.R” Gardner, R.H., Sugihara, G, O'Neill, R.V. and Coleman, P.R., 1987. 
Landscape Pattern in a disturbed environment. Oikos 48:321-324. 
Kupfer, J.A., 1995. Landscape ecology and biogeography. Progress in Physical 
Geography, Vol. 19:18-34. 
Lam, N.S.N, and Quattrochi, D.A., 1992. On the issues of scale, resolution, and 
fractal analysis in the mapping sciences. Prof. Geograph. 44:88-98. 
Leitao, A.B. and Ahem, J., 2002. Applying landscape ecological concepts and metrics 
in sustainable landscape planning. Landscape and Urban Planning 
59:65-93. 
Liu, A.J. and Cameron, G.N., 2001. Analysis of landscape patterns in coastal wetlands 
of Galveston Bay, Texas (USA). Landscape Ecology 16:581-595. 
Lovejoy, S” 1982. Area-perimeter relation for rain areas. Science 216:185-187. 
Lulla, K. and Mausel, R, 1983. Ecological Applications of Remotely Sensed 
Multispectral Data. In: Benjamin, E (eds.) Introduction to Remote 
Sensing of the Environment. Kendall Hunt Publishing Co. USA. 
LUO Xiuyue, 1989. Application of Vegetation Remote Sensing to Resources and 
Environmental Conservation. Resources, Environment and Regional 
Dept edited by Leung Chi-Kang, Jim Chi Yung and luo Pakang. Centre 
138 
of Asian Studies. The University of Hong Kong. 
MacClintock, L., Whitcomb, R. and Whitcomb, B., 1977. Evidence for the value of 
corridors and minimization of isolation in preservation of biotic diversity. 
American Birds 31:6-16. 
Mandelbrot, B. 1983. The Fractal Geometry of Nature. W. Freeman and Co., New 
York. NY. 
McComb, W.C., 1993. Forest Fragmentation: Wildlife and Management Implication 
Synthesis of the Conferemce. 
McGarigal, K. and Marks, B.J., 1995 FRAGSTATS: Spatial Pattern analysis 
program for quantifying landscape structure. Forest Science Department, 
Oregon State University, Corvallis. 
McGarigal, K. and Marks, B.J., 2000. Fragstats - Spatial pattern analysis program 
for quantifying landscape structure. User Manual, Version 3.1. 
(http://wwwiimovativegisxom/products/fragstatsarc/aboutlc.htm) 
McGarigal, K. and McComb, W.C., 1995. Relationships between landscape structure 
and breeding birds in the Oregon coast range. Ecol Monogr. 65(3):235-
260. 
Meltzer, M.I. and Hastings, H.M., 1992. The use of fractals to assess the ecological 
impact of increased cattle production: case study from Runde Communal 
Land, Zimbabwe. Journal of Applied Ecology. 29:635-646. 
Melville, D.S. and Morton, Brian, 1983. Mai Po Marshes. WWF. 
Merriam, G., Kozakiewicz, M. Tsuchiya, E. and Kawley, K., 1989. Barriers as 
boundaries for metapopulations and demes of Peromyscus leucopus in 
farm landscapes. Landscape Ecology 2:227-235. 
Mikesell, M.W., 1968. Landscape. Int. Encyclo. Soc. Sci 8:575-580. 
Mladenoff, DJ., Niemi, G.J” White, M.A.，1997. Effects of changing landscape 
pattern and USGS land cover data variability on ecoregion 
discrimination across a forest-agriculture gradient. Landscape Ecology 
12:379-396. 
Mladenoff, DJ., White, M.A. and Pastor, J., 1993. Comparing spatial pattern in 
unaltered old-growth and disturbed forest landscapes. Ecological 
Application 3(2):294-306. 
Moore, N.W. and Hooper, M.D., 1975. On the number of bird species in British 
woods. Biological conservation 8:239-250. 
139 
Moore, N.W. and Hooper, M.D., 1975. On the number of Bird species in British 
woods. Biological Conservation 8:239-250. 
Morton, Brian, 1983. The Sea Shore Ecology of Hong Kong. HKU Press. 
Musacchio, L.R. and Coulson, R.N., 2001. Landscape ecological planning process for 
wetland waterfowl and farmland conservation. Landscape and Urban 
Planning 56:125-141. 
Naveh, Z. and Lieberman, A.S., 1984. Landscape Ecology, Theory and Application, 
Springer-Verlag, New York. 
Naveh, Z., 1990. Landscape ecology as a bridge between biology and human ecology. 
In: H. Svobodova (eds.), Cultural Aspects of Landscape. Pudoc, 
Wageningen. 
Naveh, Z., 1991. Some remarks on recent developments in landscape ecology as a 
transdisciplinary ecological and geographical science. Landscape 
Ecology 5:63-73. 
Naveh, Z., 1995. Interactions of landscape and cultures. Landscape and Urban 
Planning 32:43-54. 
O, Neill, R.V., Hunsaker C, Levine, D., 1992 Monitoring challenges and innovative 
ideas. In Mckenzie, D.H.，Hyatt, D.E. and McDonald, VJ. eds. 
Ecological indicators. London: Elsevier Scientific Publication. 
Odum, E.R, 1969. The Stratgey of ecosystem development. Science 164:262-270. 
Olsen, E.R., Ramsey, R.D. and Winn, D.S., 1993. A Modified Fractal Dimension as a 
Measure of Landscape Diversity. PhotogrammetricEngineering and 
Remote Sensing 59(10):1517-1520. 
O'Neill, R. v., Riitters, K. H., Wickham, J. D. and Jones, K. B., 1999. Landscape 
Pattern Metrics and Regional Assessment. Ecosystem Health Vol 
5(4):225-233. 
O'Neill, R.V., 1999. Ecosystems on the landscape: The role of space in ecosystem 
theory. In: Jorgensen, S. (ed) Handbook of Ecosystem Modeling. 
O'Neill, R.V., Hunsaker, C.T., Jones, K.B., Riitters, K.H., Wickham, J.D., Schwarz, P., 
Goodman, LA., Jackson, B” Baillargeon, W.S., 1997. Monitoring 
environmental quality at landscape scale. Bioscience 46:513-519. 
O'Neill, R.V., Hunsaker, C.T., Jones, K.B., Ritters, K.H., Wickham, J.D., Schwartz, 
P.M., Goodma, I. A., Jacksopn, B丄.and Baillargeon, W.S., 1997. 
Monitoring Environmental Quality at the Landscape Scale: Using 
140 
landscape indicators to assess biotic diversity, watershed integrity, and 
landscape stability. Bioscience Vol.47 No.8 pp513 - 519. 
O'Neill, R.V., Krummel, J.R., Gardner, R. H., Sugihara, G., Jackson, B. et al, 1988. 
Indices of landscape pattern. Landscape Ecology 2:63-69. 
O'Neill, R.V., Krummel, J.R., Gardner, R.H., Sugihara, G, Jackson, B., Deangelis, 
D丄.，Milne, B.T., Turner, M.G., Zygmunt, B., Christensen, S.W., Dale, 
V.H. and Graham, R.L., 1988. Indices of landscape pattern. Landscape 
Ecology, 1(3): 153-162. 
O'Neill, R.V., Riiters, K.H., Wickham, J.D., Jones, K.B., 1999. Landscape Pattern 
Metrics and Regional Assessment. Ecosystem Health 5(4): 225-233. 
Palang, H., Mander, U., Luud, A., 1998. Landscape diversity changes in Estonia. 
Landscape and Urban Planning 41:163-169. 
Patil, G.R and Myerst, W.L., 1999. Environmental and ecological health assessment of 
landscape and watersheds with remote sensing data. Ecosystem 
Health.5(A): 221-224. 
Pickett, S.T.A., White, P.S., eds. 1985. The Ecology of Natural Disturbance and Patch 
Dynamecs. New York: Academic Press. 
pickup, G, 1990. Remote Sensing of landscape processes�In: RJ. Hobbs and Monney， 
H.A. (Eds.) Remote Sensing of Biosphere functioning. Springer-Verlag, 
New York, USA. 
Pickup, G., 1990. Remote Sensing of landscape processes. In: RJ. Hobbs and Monney, 
H.A. (Eds.) Remote Sensing of Biosphere functioning. Springer-Verlag, 
New York, USA. 
Planning Department HKSAR, 1997Application for Development within Deep Bay 
Area . 
Planning Department, HKSAR, 1997. Study on the Ecological Value of Fish Ponds in 
Deep Bay Area. 
Pope, K.O., Rejmankova, E., Savage, H.M., Arredondo-Jimenez, J.L, Rodriguez, M.H. 
and Roberts, D.R., 1994. Remote Sensing of Tropical Wetlands for 
Malaria Control in Chiapas, Mexico. Ecological Applications, 4(1): 81-
90. 
Poudevigne, I. and Alard, D., 1997. Landscape and Agricultural Patterns in Rural 
Areas: a Case Study in the Brionne Basin, Normandy, France. Journal of 
Environmental Management 50:335-349. 
141 
Rex, K.D. and Malason, G.P., 1990. The fractal shape of riparian forests. Landscape 
Ecology 
Ricotta, C., 2000. From theoretical ecology to statistical physics and back: self-similar 
landscape metrics as a synthesis of ecological diversity and geometrical 
complexity. Ecological Modelling 125: 245-253. 
Riitters, K.H., O'Neill, R.V., Hunsaker, C.T., Yankee, D.H., Timmins, S.R, Jones, R.B., 
Jackson, B.L., 1995. A factor analysis of landscape pattern and structure 
metrics. Landscape Ecology 10(l):23-39. 
Ritters, K.H., O'Neill, R.V., Hunsaker, C.T., Wickham, J.D., Yankee, D.H., Timmins, 
S.R, Jones, K.B., Jackson, B丄.，1995. A factor analysis of landscape 
pattern ad structure metrics. Landscape Ecology, 10:23-39. 
Roughgarden, J., Running, S.W. and Matson, RA., 1991. What does remote sensing 
do for ecology? Ecology 72(6):1918-1922. 
Roy, P.S. and Tomar, S., 2001. Landscape cover dynamic pattern in Meghalaya. 
International Journal of Remote Sensing. 22(18): 3813 - 3825. 
Sauer, CO., 1963. the morphology of landscape. In J. Leighly，ed. Land and Life: A 
selection from the Writings of Carl Ortura sauer. University of 
California Press, Berkeley. 
Saunders, D.A. Hobbs, R.J. and Margules, C.R., 1990. Biological consequences of 
ecosystem fragmentation: a review. Conservation Biology. Vol.5:18-32. 
Saunders, D.A., Hobbs, R.J. and Margules, C.R., 1991. Biological consequences of 
ecosystem fragmentation: a review. Biological Conservation 5:18-32. 
Saura, S. and Martinez-Millan, J., 2001. Sensitivity of Landscape Pattern Metrics to 
Map Spatial Extent. Photogrammetric Engineering and Remote Sensing. 
67(9): 1027-1036. 
Schowengerdt, R. A., 1997. Remote Sensing: Models and Methods for Image 
Processing. UK: Academic Press 
Schumaker, N.H., 1996. Using Landscape Indices to predict habitat connectivity. 
Ecology 11 {A):\2\0-\225. 
Shannon, C.E. and Weaver, W., 1962. The Mathematical theory of Communication. 
University of Illinois Press, Urbana. 
Skole, D. and Tucker, C.J., 1994. Tropical deforestation and habitat fragmentation in 
Amazon: satellite data from 1987 to 1988. Science 260:1905-1910. 
Story, M. and Congalton, R.G, 1986. Accuracy Assessment: A User's Perspective. 
142 
Photogrammetric Engineering and Remote Sensing. 52(3): 397-399. 
Sugihara, G. and May, R.M., 1990. Application of Fractals in Ecology. TREE 5(3):79-
86. 
Tarn, F. Y. and Y. S. Wong, 2000a. Field Guide to Hong Kong Mangroves. City 
University of Hong Kong Press, Hong Kong. 
Tarn, R Y. and Y. S. Wong, 2000b. Hong Kong Mangroves. City University of Hong 
Kong Press, Hong Kong. 
Taylor, J.C., Brewer, T.R. and Bird, A.C., 2000. Monitoring landscape change in the 
National Parks of England and Wales using aerial photo interpretation 
and GIS. International Journal of Remote Sensing, Vol 21. (13 and 14): 
2737-2752. 
Tilton, D.L., 1995. Integrating wetlands into planned landscapes. Landscape and 
Urban Planning 32:205-209. 
Tomlin, D., 1990. Geographical Information Systems and Cartography 
Mo<ie///ng.Englewood Cliffs, NJ: Prentice Hall. 
Troll, C., 1943. Methoden Der Luftbildforschung. Sitz. Ber. Europ. Geographen 
Wurzburg 1942. Leizig. 
Turner, M.G and Gardner, R.V., 1991. Quantitative methods in landscape ecology. 
The analysis and interpretation of landscape heterogeneity. Springer-
Verlag, New York, New York, USA. 
Turner, M.G, 1989. Landscape Ecology: The Effect of Pattern on Process. Annual 
Review of Ecological System. Vol 20:171-197. 
Turner, M.G, 1989. Landscape Ecology: the effect of pattern on process. Annual 
Review of Ecology and Systematics, Vol. 20:171-197. 
Turner, M.G, 1990. Landscape Changes in Nine Rural Countries in Georgia. 
Photogrammmetric Engineering and Remote Sensing 56(3):379-386. 
Turner, M.G, 2001. Landscape ecology in theory and practice: pattern and process. 
New York: Springer. 
Urban, D.L., O'Neill, R.V., Jr, Shugart H.H., 1987. Landscape Ecology. Biosecience 
37:119-127. 
Webster's New Collegiate Dictionary 1 9 8 0 
Whitcomb, R.F., 1977. Island biogeography and habitat islands of eastern forest. Am. 
Birds3\-3-5. 
Wickham, J.D.，O'Neill, R.V., Riitters, K.H., Wade, T.G and Jones, K.B., 1997. 
143 
Sensitivity of Selected Landscape Pattern Metrics to Land-cover 
Misclassification and Differences in Land-Cover Composition. 
Photogrammetric Engineering and Remote Sensing. 63(4): 397-402. 
Wien, J.A., 1992. Ecological flows across landscape boundaries: a conceptual 
overview. In Hansen, A.J. et al (eds) Landscape Boundaries: 
Consequences for Biotic Diversity and Eclogical Flows. Ecological 
Studies 92. Springer-Verlag, New York, USA. 
Wiens, J.A. and Milne B.T., 1989. Scaling of landscapes in Landscape ecology. 
Landscape Ecology 3:87-96. 
Wiens, J.A., 1985. Vertebrate responses to environmental patchiness in arid and 
semiarid ecosystems. In Pickeyy S.T.A” White, RS.’eds. The Ecology of 
natural disturbances and patch dynamics. New York: Academic Press. 
WWF, HK, (1997) Fact Sheet No. 32 Wetlands. 
W W F , H K , {\991)Fact Sheet: Ramsar Convention and Mai Po Nature Reserve. 
WWF, HK, (1997) Gei Wais, Mai Po Nature Reserve. Pamphlet. 
WWF, HK, (1997) Mai Po Naturre Reserve Part-time Interpreter Training Manual 
WWF, HK, (1997) Mangrove, Mai Po Nature Reserve. Pamphlet. 
Young, K.R., 1994. Roads and the environmental degradation of tropical montane 
forests. Conservation Biology 8:972-976. 
Young, L., 1999. Mangrove Distribution in the Gei Wais at the Mai Po Marshes 
Nature Reserve. The Mangrove Ecosystem of Deep Bay and the Mai Po 
Marshes, Hong Kong. Hong Kong: Hong Kong University Press. 
Young, R.H. and Chopping, M., 1996. Quantifying landscape structure: a review of 
landscape indices and their application to forested landscapes. Progress 
in Physical Geography 20:418-445. 
Zurlini, G, Amadio, V. and Rossi, O., 1999. A Landscape Approach to Biodiversity 
and biological Health Planning: The Map of Italian Nature. Ecosystem 
Health Vol 5(4) 294-311. 
144 
Appendix I Ramsar Convention (http://www.ramsar.org/) 
Ramsar Convention is designated on February 1971. Its foundation aims at 
conserve natural resources on a global scale. Meanwhile, it is the only worldwide 
treaty that restrains the countries joining it from the unthinking, selfish exploitation of 
their sovereign natural patrimony (Matthews, 1993). By the way, wetland, the most 
productive ecological habitats in the world, becomes threatened group of habitats and 
concerned by the Ramsar Convention. While there are undesirable consequences after 
progressive disappearance of wetland caused by human disturbance, calling for a halt 
to wetland destruction and an instrument to wetland conservation in developed and 
developing countries appeared. Hence, Ramsar Convention becomes a framework for 
conservation and wise use of wetlands that maybe shared by different countries. At 
the same time, BirdLife International; lUCN - The World Conservation Union; 
Wetlands International; and the World Wide Fund for Nature (WWF) also are 
recognized as international organization partners and cooperated with Ramsar Bureau. 
For achievement in Ramsar Convention, as of March 2000, 130 contracting parties 
to the convention, with 1140 wetland sites, totaling 91.7 million hectares, designated 
for inclusion in the Ramsar List of Wetlands of International Importance. From those 
sites, Southeast Asia was the region richest in wetlands of which no less than 16.3 
million hectares in China (Matthew, 1993). 
What is a Wetland? By definition in Ramsar Convention, wetlands are areas of 
marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, 
with water that is static or flowing, fresh, brackish or salt, including areas of marine 
water the depth of which at low tide does not exceed six meters. So, it is a transition 
zone between marine and terrestrial ecological habitats. Meanwhile, the meaning of 
"artificial" implied fishpond-type wetland which water depth is controlled by human 
decision. Hence, it maybe regard as man-made wetlands. No matter what type of 
wetlands, it has been treated as the world's most productive ecosystems in term of net 
primary productivity. However, a set of criteria is considered to determine which 
wetland should be included in list of internationally important wetland: 
1) It is a particularly good representation of a natural or near-natural wetland, 
characteristic of one, or common to more than one, biogeographically region. 
2) It supports an appreciable assemblage of rare, vulnerable, or endangered 
species of plants or animals. 
3) It holds more than 20,000 waterbirds. 
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4) It holds more than 1% of the individuals in the population of a species of 
waterbird 
According to Article 3.1 of convention, “wise use" should be implemented during 
land use planning. Although no exact definition for "wise-use", Ramsar site should be 
taken into consideration in advance in order to preserve in sustainable way. Under the 
“wise use" concept, human activity can be allowed in a Ramsar site, e.g. for fish 
farming, low intensity recreation etc., as long as the use is sustainable (WWF Hong 
Kong, 2000). 
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Ramsar contracting parties (Ramsar, 2000) http://www. ramsar,org/' 
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